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ABSTRACT 
In the Peace Forest District (PFD) of British Columbia (BC), Canada, approximately 
40 percent of forest tenures contain overlapping licenses to graze under the Range Act on 
Crown range in broadleaf and mixedwood forest types. Resource conflict, over land usage, 
will increase because of more utilization of broadleaf and mixedwood stands in the PFD. 
Aspen [Populus tremuloides Michx.] harvesting and reforestation appears to have the 
greatest impact on forage availability to domestic livestock areas through significant 
reductions in cattle access as a result of aspen regeneration. 
Geographical Information System (GIS) analysis and ground-truthing were done on 
three PFD community pastures. Two areas were surveyed during the 2002 - 2005 grazing 
seasons while the third was surveyed in 2004 and 2005. 
For the sites monitored over four years the cattle spent about 60 percent of their time 
in the same habitat types concurrently including roadways, tame pasture, and mature 'park-
like' aspen stands. This exacerbates potential conflict between the cattle, forest industries, 
and other resource development industries such as oil and gas development. 
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1.0 INTRODUCTION 
1.1 Background Information 
Northeastern British Columbia's (BC), or the Peace River (PR) region's, trembling 
aspen (Populus tremuloides Michx.) dominated forests have been valued for recreational 
opportunities, watershed functions, wildlife habitat, forage production, and more recently 
wood production. It has been the role of the BC Ministry of Forests and Range (MFR) to 
issue a grazing license, under the Range Act, to an individual or corporation wishing to graze 
livestock on Crown land. The license applies to a described area that may cover several 
hundred hectares of forest and rangeland. It specifies the number of animal unit months 
(AUM's) authorized, and may contain conditions requiring management plans, controlling 
dates for use, animal control, and environmental protection. The cattle industry, especially in 
the PR, has used these licenses as a supplement to their overall forage requirements for their 
operation. 
Historically, range tenure holders within the PR area have had a "long-run" with no 
or little impact to their grazing areas. Over the last 20 years, the introduction of aspen 
logging and expanded oil and gas exploration has led to challenges for cattle grazers. New 
developments have both increased grazing opportunities, as well as, impacted traditional 
natural barriers through which cattle would not usually trespass. The greatest challenge for 
the range tenure holders is the loss of grazing due to natural regeneration of aspen suckers 
following logging of "park-like" aspen stands. 
Advances in technology and access to new markets have radically changed the 
socioeconomic outlook of aspen forests in Northern BC (Dockrill 2001). Multiple land-use 
impacts in these areas have increased dramatically with the addition of two resource 
extracting industries: oil and gas and forestry (Dockrill 2001). With the recent 
1 
amalgamation of the Fort St. John (FSJ) and Dawson Creek (DC) Timber Supply Area (TSA) 
into the Peace Forest District (PFD), approximately 40 percent of the forest tenures contain 
overlapping grazing licenses on Crown Range (Kronlachner, personal communication, 
20041). Including oil and gas and seismic exploration activity, this figure would likely 
increase to 90 percent tenure overlap across the same landbase. However, within the PFD, 
conflicts between cattle producers and the timber industry on deciduous and mixedwood 
forest cover types have been the most prevalent. While the investigation of cattle impacts on 
regenerating aspen stands throughout North America is incomplete, with increasing demands 
for broadleaf and mixedwood utilization, the potential locally for resource conflict, over land 
usage, will increase (Beale, personal communication, 20052). 
The 2003 Annual Allowable Cut (AAC) for both the DC and FSJ TSA's is 3,975,000 
cubic metres per year (m3), of which 1,797,000 m3 are from broadleaf leading stands. In the 
timber supply analysis, coniferous volume in deciduous leading stands contributes to the 
overall deciduous harvest forecast and vice versa. Also about 113,500 hectares (ha) of the 
timber harvesting land base are in the Agriculture Land Reserve (ALR) and most of this area 
is deciduous stands (Hawkins and Maundrell 2003). 
In 2005, Canadian Forest Products Ltd. (Canfor), in partnership with Louisiana-
Pacific Canada Ltd. (LP), formed a joint venture for the purpose of constructing and 
operating an Oriented Strand Board (OSB) plant in the FSJ area in 2005 (Beale, personal 
communication, 2005). Canfor's OSB plant in FSJ and Pulp Division in Taylor has been 
1 Operations Manager, Ministry of Forests and Range, currently Encana Corporation, 
Dawson Creek, BC. 
2 Aboriginal Relations Advisor, EnCana Corporation, Dawson Creek, BC. 
2 
operating up to approximately 900,000 m /year (Stuart, personal communication, 20093). 
Additionally, LP and Tembec, in the Dawson Creek and Chetwynd areas, have been 
operating up to approximately 1,000,000 m3 per year for both OSB and pulp (Stuart, personal 
communication, 2009). 
1.1.1 Conflicting Views 
In the PR region, long-time ranchers grazing on Crown range have observed that 
logging in mature "park-like" aspen forests reduce the value of these forests as grazing lands 
for cattle. They rapidly become dense thickets of regenerating aspen after logging. On the 
other hand, forest companies believed that cattle grazing would reduce aspen growth after 
logging and significantly interfere with stand establishment. Livestock producers and forest 
licensees have operated independently on landscapes, each with a single economic purpose. 
In such systems resource users could employ singular management objectives and methods 
(Dockrill 2001). However, compounded multiple resource utilization, lack of 
communication between the different users, increased operational costs, and stifled 
innovative and flexible management options has the potential to create conflict. It is 
expected that this trend will likely continue, therefore it is predictable that tenure overlap and 
the impacts that result will also increase (TRIMC 2005). Accordingly, it is becoming more 
critical to find effective means of managing overlapping tenures and the issues associated 
with them. At the same time, there is the necessity for a change in attitude for all resource 
users as the objectives and needs of other users should be considered (Dockrill 2001). 
Timber harvesting has been both beneficial and problematic for range users. Timber 
harvesting has disrupted livestock movement and historical grazing patterns. Thick re-
3 Tenures Forester, Ministry of Forests and Range. Dawson Creek, BC. 
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growth in cutblocks can prevent even livestock distribution, impede historical grazing 
patterns, and create added grazing pressures on other areas of the range resource. In most 
cases, there has been a progressive decline of usable forage production post timber harvest 
within the harvested area. This decline is known as a Rate of Loss Factor (RLF) (TRIMC 
2005). The RLF for pure deciduous stands has been determined at 90 percent, of the current 
carrying capacity of the range use category (primary native, secondary native, and tertiary 
native range) (TRIMC 2005). The RLF will be applied immediately after harvesting. For 
mixedwood and conifer stands, the rate of loss percentage will generally decrease with an 
increasing composition of conifer (TRIMC 2005). In addition, removing timber in a 
harvested area, which once acted as a natural barrier for livestock, has made herd 
management more difficult and required additional fencing at a high cost to industry. 
Conversely, road rights-of-way, landings, and conifer cutblocks have created enhanced 
access and produced good forage opportunities for livestock use. 
Livestock grazing has been problematic for the forest industry. In some situations, 
range management practices have created damage within forest plantations and potentially 
impacted the future timber supply. Livestock trampling, "camping out", and browsing 
(especially in broadleaf cutblocks) have reduced the level of stocking and the status of tree 
stocking levels (TREMC 2005). This may affect the ability of forest licensees to achieve 
legal timelines, stocking requirements, and reforestation obligations. These potential 
cumulative impacts can negatively affect the deciduous timber supply (TRIMC 2005). 
Seismic exploration or petroleum development has been both damaging and 
beneficial to forest and range tenure users too. Impacts have occurred when surface 
activities, including access, were inconsistent with forest or range management objectives. 
4 
Similar to forest harvesting activities, the holder of the grazing license has benefited by 
having improved access and forage production for livestock management. However, roads 
and seismic lines can change the distribution of animals, create control problems, introduce 
noxious weeds, and introduce the risk of predation, injury or poaching (Kramer, personal 
communication, 20024). As well, historic cattle trails and roads have often been impacted by 
piling limbs, tops, dirt, and debris on them. There has also been damage to fences gates, 
cattle guards, and other range improvements (Henderson, personal communication, 20035). 
1.1.2 Purpose of Study 
In a partnership agreement between the British Columbia South Peace River 
Stockmen's Association (BCSPRSA) and the University of Northern British Columbia 
(UNBC), the objective of this study was to initiate a Global Positioning System (GPS) 
collaring trial which would afford the opportunity to generate the first, sound landscape-level 
information of cattle grazing and distribution patterns on managed Crown range in the PFD. 
Specifically, the use of GPS cow collar data, ground-truthing of topology, 
identification of range plant community types, and forest cover information was used to 
quantitatively study the proportions of habitat features (i.e. tame pasture, forest stands, 
cleared fence lines, roads, trails, seismic lines, active and abandoned oil and gas wells) and 
the percentage of habitat use (frequency of GPS cow collar points) by cattle within them. 
This information was essential in order to determine if cattle selected where they were 
feeding because that particular habitat was most readily available or accessible. 
4 Rancher. Fort St. John, BC. 
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1.1.2.1 Rationale of Purpose 
This research project will be instrumental in providing scientific support to aid in new 
policy initiatives and will assist in developing knowledge and decision-making tools for 
integrated resource management. It will improve stewardship of BC's forest resources 
through development of knowledge for sustainable forest management within government 
and industry, and in deriving optimum production and value from timber and other forest 
land assets. In addition, the project will support and maintain the goal of protecting and 
conserving healthy, diverse and self-sustaining ecosystems (Bawtree and Campbell 1998). 
This approach supports the guiding principles established by the BC MFR Forest Practices 
Branch for range use in BC (BC Ministry of Forests 2000): (1) enhanced production should 
be achieved through maintenance rather than the manipulation of natural ecosystems; (2) the 
long-term health and productivity of plant communities; (3) the amount and timing of 
grazing controlled through prescribed use; and, (4) livestock and wildlife management 
techniques alone are unable to facilitate achievement of the range management objectives 
specified in higher-level plans or range use plans. 
In addition to the technical solutions (economic and biological), this project focused 
on improving dialogue (social) between forest and cattle industries. Having attended several, 
the oil and gas industry has also benefited through information sharing and communication. 
The social aspect/findings from the project will have applicability wherever resource-use 
conflicts occur. 
5 Rancher. Arras, BC. 
6 
1.1.3 GPS Cow Collars 
The study of landscape use by animals requires a record of the location of individuals 
over time (Ungar et al. 2005). Technical and logistic difficulties in obtaining and collating 
such data have hampered the study of free-ranging animals in a spatially explicit way 
(Coughenour 1991). Tracking animals using GPS represents a major advance in 
spatiotemporal data acquisition (Ungar et al. 2005). Over the last decade, many species of 
terrestrial wildlife have successfully been fitted with GPS collars (Figure 1.1). Some 
examples are moose (Rodgers and Anson 1994; Rempel et al. 1995; Moen et al. 1996a, 
1996b; Dussault et al. 1999; Girard et al. 2002), deer (Blanc and Brelurut 1997; Merrill et al. 
1998; Bowman et al. 2000), elk (Biggs et al. 2001), caribou (Johnson et al. 2002a, 2002b), 
and stone sheep (Walker 2005). GPS tracking collars have also been incorporated in 
research on the ecology and management of grazing systems using sheep (Rutter et al. 1997; 
Hulbert et al. 1998) and cattle (Turner et al. 2000; Ganskopp 2001; Ungar et al. 2005). By 
using GPS units in conjunction with GIS (geographical information systems), this research 
project demonstrates that animal distribution and movement can be related to landscape 
features over a single or multiple grazing season(s) (Ungar 2005). 
1.2 Literature Review 
1.2.1 Peace River Region Livestock and Range Overview 
In 1858, the fresh meat requirements of gold miners in BC were addressed by trailing 
in cattle from the United States. As a result, establishment of ranches followed, initiating the 
range livestock industry of BC. The livestock industry continued to grow even after the 
decline of gold mining in the late 1860's. Following the building of the trans-continental 
railroad in the late 1800's, the province's population and demand for meat was large enough 
to provide a stable market for local beef (Wenger 1983). 
7 
The Grazing Act, proclaimed in 1919, attempted to regulate grazing through Grazing 
Leases and Grazing Licenses on Crown forest range. The use of forest range for grazing 
began in the 1920's. Grazing leases were issued by the Land Service under the Land Act. 
This form of tenure defined the area, mostly adjacent to privately held lands, and allowed for 
use by one rancher only. There were minimal management requirements and it had a term up 
to 21 years (Wenger 1983). Around the same time (1919 - post World War I), settlers began 
to arrive in the PR area. At that time, the only way to bring livestock into the area was to 
trail them in or transport on the Peace River (Ardill, personal communication6). As the years 
passed, more and more settlers arrived and with them came small numbers of cattle and other 
livestock. However, as Dick and Eileen Ardill recall, many of these early settlers did not 
stay and as they left, the local ranchers were able to purchase those livestock to add to their 
growing local herd. Over the following 20 years many similar stories of cattle beginnings 
and growth can be heard within the communities of FSJ, DC, and Hudson's Hope (Harris, 
personal communication7). By the mid to late 1940's cattle prices were on the rise and local 
ranchers wanted to improve their herds, as there was little registered blood in the PR region. 
Thus, some of the local ranchers brought both purebred and pedigreed bulls back from 
Edmonton to the Peace area (Ardill, personal communication). By the 1950's there were 
basically three breeds of cattle common to the area: Shorthorns, Black Angus, and Herefords 
(Goodings8 and Harris, personal communication). These breeds were "tried and true" range 
cattle and were able to withstand a fairly harsh environment (Goodings, personal 
communication). 
6 Rancher. Hudson's Hope, BC. 
7 Rancher. Fort St. John, BC. 
8 Ranchers. Fort St. John, BC. 
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During the 1960's and 1970's it became increasingly evident that growth in the beef 
industry (both locally in the Peace River area and the Province) was not going to slow down. 
In response, a study and report in 1974 made a request of the BC Government that 
management and administration of rangelands be brought under the control of one agency. 
This report also recommended an increase in professional staffing, the improvement of 
rangeland productivity and the coordination of compatible uses for long term optimal 
benefits as well as a revision of the tenure system. These recommendations and those of the 
Royal Commission 1976 led to the proclamation of the Range Act in 1979. This legislation 
put range management on a new footing in British Columbia (Wenger 1983), by addressing 
many of the accumulated problems such as grazing (i.e. range condition), logging (i.e. 
harvesting and road construction), wildlife (i.e. Species at Risk Act), etc. 
At present there are approximately 60,000 beef cattle (Robinson, personal 
communication, 20099) within the PR Regional District which encompasses DC, Chetwynd, 
Hudson's Hope, and FSJ and surrounding areas. Provincially, Statistics Canada reported 
212,000 cows in BC in January, 2009 (BC Cattlemen's Association 2009). 
1.2.2 Access to Crown Range in the Peace River area 
The MFR, under the Range Act (Part 4, Div. 1, Sec. 32(1)), has been responsible for 
the issuance of range agreements to range users that have grazed livestock on Crown range. 
This Act requires certain actions and obligations of range agreement holders and the MFR. 
Long-time ranchers will be most familiar with the Range Act as it gives the right to graze on 
Crown range. The Forest and Range Practices Act guides the way grazing and other 
practices are carried out, detailing how and when Crown range may be used. In all cases, 
9 Regional Agrologist, Ministry of Agriculture and Lands. Fort St. John, BC. 
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range practices in BC have strived to conserve soil resources by: (1) protecting soil 
properties; (2) minimizing erosion and compaction; (3) minimizing undesirable soil 
disturbances; (4) promoting and maintaining healthy plant communities; (5) maintaining or 
enhancing forage quality and quantity for livestock and wildlife; (6) maintaining or 
improving water resources and riparian values; (7) conserving fish, fish habitat and aquatic 
ecosystems; (8) promoting healthy, viable, productive and diverse wildlife populations and 
their associated habitats; and, (9) conserving biodiversity. 
Grazing licenses are issued for a term of 5 years and are normally replaceable after 
that term without an additional application. The initial fee for an application for an 
advertisement of direct award license is $150.°° (non-refundable). Once awarded, an 
issuance fee (invoiced in the first year of each 5 year term) of $250.°° is charged to the holder 
of the grazing permit. Similarly, grazing licenses are the most common form of tenure issued 
under Range Act agreements. The holder of the grazing license must pay an annual fee for 
use of forage. 
This annual fee, invoiced in the fall of every year of the term, is determined by 
multiplying the authorized annual use by 93% of the average price per kilogram for live beef 
cattle marketed during the immediately preceding 3 years through the BC Livestock Co-op. 
In 2008 this fee was $1.97 per AUM. The holder of a grazing license must also pay an 
annual rent, invoiced in the fall of every year of the term. This annual rent is calculated by 
multiplying the authorized use by $0.20. Authorized use means the quantity of forage 
allowed to the license holder by the Crown in a year; it is expressed as AUM's of forage. An 
AUM is 450 kg of forage, measured on a dry matter basis. This is the amount of forage that 
would sustain for one month one animal unit as defined by the following types of classes of 
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livestock of average size: a) a yearling steer or heifer is 0.7 animal unit; b) a bull is 1.5 
animal unit; c) a cow by herself or with unweaned calf is 1 animal unit; d) a horse is 1.25 
animal unit; e) a sheep or goat is 0.2 animal unit; f) a llama is 0.2 animal unit; and, g) an 
alpaca is 0.1 animal unit. 
In addition to all of the aforementioned fees and rental charges, the range users of the 
community pasture must be members of the associated community pasture associations and 
must pay annual dues to the association, which generally covers the costs of pasture 
improvements, maintenance, and livestock management. The grazing license is granted to 
the association, the association then grants access to their members. The grazing for a 
community pasture is not an agreement with the individual users but with the association. 
This is the greatest distinction between community pasture grazing licenses and other Crown 
range licenses. Community pastures are allocated to a livestock society, whereas tenures for 
other Crown lands are issued to individual ranchers (Wikeem et al. 1998). So, in total, for 
the PR area, a holder of a grazing license operating within a community pasture will 
generally pay $7.00 to $10.00 per AUM for the 5-month summer grazing season. Tame 
pasture or cultivated lands are generally calculated to be 1 acre/AUM (.405 hectare/AUM) 
whereas the average native aspen community types are 7.5 acres/AUM (3.035 
hectares/AUM) for the PR (Bondaroff 2006). 
1.2.3 Ecology within the Peace River area on Crown Range (Community Pastures) 
Community pastures can by highly productive and provide local foraging 
opportunities (Wikeem et al. 1998). For example, forage production on community pasture 
in 1980 yielded nearly 5% of the total AUM's produced provincially, while only representing 
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slightly more than 0.1% of the land base (50:1 ratio) then used for domestic grazing (BC 
Ministry of Forests 1981). 
In the PR area, soils vary from sandy and silty loams to loam (Wikeem et al. 1998). 
The agriculture capability of most soils on community pastures is typically Class 3 to 5, 
although, some Class 6 soils dominate native pasture in Groundbirch (GB) Community 
Pasture (Wikeem et al. 1998). Soils in classes 3 and 4 are considered capable of sustained 
use for cultivated field crops, those in classes 5 and 6 are only for perennial forage crops. 
Virtually all of the community pastures in the PR occur under aspen canopies within 
the Boreal White and Black Spruce (BWBS) biogeoclimatic zone (Wikeem et al. 1998). 
Climate within the PR area generally provides an average frost fee period of 106 days 
(Wikeem et al. 1998). Table 1.1 gives both the average FSJ and DC maximum and minimum 
temperatures as well as the average precipitation throughout the grazing season and Table 1.2 
provides a qualitative summary which occurred over the 4 study years. 
Rangeland plant community types may be either permanent or temporary. Permanent 
rangeland in BC includes grassland, forested, and alpine range (Horton 1998). Temporary 
rangelands may follow disturbances such as fire or logging in closed forests (Horton 1998). 
Fire and logging are disturbances which can increase the amounts of light and heat reaching 
the soil and vegetation (Horton 1998). This can result in higher forage production and 
creation of temporary rangeland until the forest canopy closes over again (Horton 1998). 
It is important to use specific criteria in identifying and organizing these various 
community types based on their response to disturbance and stage of succession (i.e. 
permanent versus temporary) (Willoughby et al. 2004). Using Willoughby's (2004) 
developed framework, the community types are grouped into a hierarchal system based on 
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ecology. These groups include successional communities which occur under natural 
succession or disturbance. The 5 main community types, which have been adopted by the 
PFD MFR are described in Table 1.3. These community types are all found within the aspen 
dominated range tenures of the PR region. Table 1.4 shows a comprehensive list of both 
usable and non-usable forage species for livestock grazing found within each of the 
community types. While many of the same plant species were found within all of the 
different community types, they were often different in percent composition: major-minor 
species in terms of occurrence and dominance. 
1.2.4 Cattle Management 
Community pastures are extensively managed ecosystems compared to cultivated 
agricultural lands which are intensively managed. Extensive management means lower 
agricultural production per acre/hectare and is generally associated with a lower level of 
production inputs (Horton 1998). This is a natural advantage of rangelands, even though 
their productivity may seem low compared to regularly cultivated grasslands (Horton 1998). 
Production of forage and other products from rangelands can be completely independent of 
agronomic inputs like cultivation, seeding, fertilization, irrigation, and pesticides or 
herbicides (Horton 1998). Livestock and range management varies considerably between 
community pastures (Wikeem et al. 1998). Within the PR, production inputs will generally 
include herd management time, grass stand rejuvenation, pest and weed control, watering 
facilities (i.e. dugouts), fencing, and some seeding. 
1.2.4.1 Pasture Design 
Each pastoral situation offers a unique set of environment conditions from which the 
animals must acquire nutrients, maintain thermal balance, and interact socially with other 
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individuals of the herd (Stuth 1991). Therefore, when assessing pasture design, the following 
attributes should be considered: boundaries (fences and home range tendencies); distribution 
of plant communities (soils, aspect, elevation, and forage species composition); accessibility 
(slope, gullies, water courses, shrub density, rockiness, roads, trails, fence lines, cut openings 
and forest regeneration, pipeline/utility right-of-ways, and natural barriers); and, distribution 
of foci (location of water, shade, loafing and bedding sites, and other convergent and 
divergent points in a landscape). Figure 1.2 provides a simple illustration of how a landscape 
configuration will have its own unique set of boundaries, plant community distribution 
accessibility, and distribution of foci. 
1.2.4.2 Grazing Behaviour 
Optimum livestock production on grazing lands is, in part, a function of the ability of 
the animal species employed to harvest nutrients in an effective and efficient manner (Stuth 
1991). Livestock maintain fitness by feeding optimally to consume the greatest amount of 
energy and nutrients (Schoener 1969, 1971, 1983, Charnov 1976, Pyke et al. 1977, Krebs and 
Davies 1978, Belovsky 1978, 1981a, 1981b, 1984, 1986a, 1986b, Whitman 1980, Hixon 
1982, Owen-Smith and Novellie 1982, Black and Kenney 1984, Belovsky and Slade 1986, 
Horner and Staddon 1987). 
When an animal grazes a plant, hierarchies of instinctive responses and behavioural 
actions have been taken by it that leads to the point of taking a hold of the plant and 
consuming it (McNaughton 1987, Senft et al. 1987, Senft 1989). Figure 1.3 illustrates this 
hierarchical view of the diet selection process from the landscape level down to the 
individual plant. Each landscape unit, as shown in Figure 1.4, is composed of a complex of 
different habitats of distinct groupings of plant species in communities (Stuth 1991). These 
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plant community types are identifiable by the type of plant species present, their spatial 
arrangement and structural configuration (e.g. Table 1.3). Once the animals are located 
within a community type, they must then select from the individual plant species they will 
consume and beyond that, which of the plant parts will be eaten (refer to Table 1.4 for usable 
livestock forage in the PR Region). 
1.2.4.2.1 The Landscape Level Diet Selection 
The more experience an animal has with the variety of habitats and plant species 
available to it in a variety of years, the greater its ability to optimize grazing tactics to survive 
in a management environment (Smith 1984, Senft et al. 1987, Senft 1989). This process is 
more commonly referred to as "home range tendency". This tendency is the inherent 
inclination of cows to repeatedly return to familiar areas (France and Haywood-Farmer 
1998). They learn where the most favourable forage is, and where the best watering holes 
are located (France and Haywood-Farmer 1998). This is further supported by recent 
suggestions that herbivores have accurate spatial memory based on previous foraging 
experiences and can remember locations of and return to productive sites, while avoiding 
unproductive areas where foraging experiences were poor (Bailey et al. 1996). If visual cues, 
windmill, trees, etc., are prominent near familiar areas, the strength of the areas attraction or 
avoidance may be increased (Bailey et al. 1996). Therefore, with each grazing season, cows 
familiar with the range want to "check out" their favourite site and will often have a number 
of other cows travelling with them. 
The result of this behaviour magnifies itself as younger animals learn from the older 
ones and drift to the same locations (France and Haywood-Farmer 1998). Free-standing 
water is the principle focus around which most of the larger ungulates such as cattle, buffalo, 
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and impala, orientate their forage strategies (Stuth 1991). Optimum grazing area is defined 
by an approximate circle whose radius is generally not over 0.8 km from the water source 
(Stuth 1991). About 1.6 km is considered the maximum outer limit for a herd of cattle or 
flock of sheep to balance their forage and water needs (Valentine 1947). Others suggest that 
the distance between drinkable water sources should not exceed 3.2 km (BCMAL Fact sheet 
2004). In either scenario, during drought, the effective grazing area is increased as forage 
supply diminishes (Squires 1982, Walker et al. 1987, Smith 1988). Also, rough terrain, such 
as gullies, steep slopes, and/or rocky outcrops, restricts animal movements even when water 
sources are within otherwise acceptable distances (Stuth 1991). However, in the PR, the 
optimum grazing areas can be much larger as cattle are able to rely on moderate to gentle 
slopes and numerous man-made dugouts, which are seasonally filled by spring snowmelt for 
watering requirements. As well, there has normally been an abundance of surface water, 
creeks, rivers, and swamps, which also provide water opportunities for cattle. 
Animal movement in thick or rough terrain is determined by the agility of the species 
in question. Heavy concentrations of trees and shrubs have been found to create access 
problems to potentially useable areas for cattle. This has been especially evident in areas 
where high stem densities and overlapping canopies have occurred. For example, following 
initial clearing operations such as clear cutting or burning, large numbers of new aspen 
suckers regenerate (Sampson 1919, Berry 1973, Perala 1979). A newly regenerating aspen 
stand often results in an opening that is virtually impenetrable to grazing animals and 
prevents access to forage present under the canopy. Generally, cattle consume very little of 
the rejuvenating aspen, yet it is recognized as an important browse species for deer, elk, and 
moose (Krebill 1972, Mueggler and Bartos 1977, Penner 1978, Parker and Morton 1978). 
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The development of dense stands can be slightly offset by early grazing by cattle in the first 
year or two after disturbance. This slows or restricts aspen regeneration. These areas 
however, quickly become unavailable for livestock use if grazing does not occur during this 
early period. Further they can remain unproductive for livestock for 15-40 years until the 
stand naturally thins as it matures (Wikeem et al. 1998). Therefore, following mature aspen 
or other broadleaf harvesting, cattle typically avoid these types of areas and prefer to use 
established trails, roads, cut paths/openings, and pipeline/utility right-of-ways rather than 
attempt to penetrate thick brushy areas or traverse difficult terrain (Rangeland Management 
Branch 2009). 
Grazing time per day is a function of forage quality, thermal balance, season of year, 
and the short-term stability of forage supply (Walker et al. 1988). Most ungulates first 
harvest food, then move either to loafing or bedding sites to ruminate and digest the food 
ingested in a previous grazing bout, meal, and/or to areas for predator avoidance (Edwards 
1983). Predator avoidance strategies exhibited by cattle have been more predominant during 
the grazing periods on Crown range, especially during some years of high predator activity 
(wolves and grizzly bears). As the grazing season moves from spring to fall, cattle will 
reduce daily grazing time as digestibility of available forage declines and retention time of 
ingesta increases (McNaughton 1987). When daytime temperatures are within the thermal 
neutral zone of cattle, most grazing (90%) takes place during daylight hours. During hot 
periods cattle reduce afternoon grazing and increase night-time grazing. Cattle have 
demonstrated little directional grazing after darkness, so as night time grazing increases it is 
in the neighbourhood of termination points of grazing at dusk (Walker et al. 1988). Evidence 
is mounting that cattle rely on vision to move about in their environment, so as darkness sets 
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in, they lose many of their visual cues and do not venture far from night-time bedding areas. 
1.2.4.2.2 Plant Community and Patch Level of Diet Selection 
When cattle select a given plant community to graze within, it has been largely 
related to those attributes of a site to produce forage (Stuth 1991). Table 1.5 provides a 
comprehensive summary of community attributes and the way they impact animal use of a 
site. 
There have been several studies to isolate those community attributes which affect the 
selection of communities by cattle. Rosiere et al. (1975) found that the diets of cattle 
depended, partly on the relative availability of the species present. This finding fits well with 
the understandings that the relative preference for various species changes through the season 
(Grammon 1978; Roath and Krueger 1982; Holechek et al. 1982). The abundance of 
seasonally preferred plant species have also been shown to influence the patterns of plant 
community use (Senft et al. 1985). Also, the tendency of cattle to graze forest rather than 
grassland will increase as grasses mature toward the end of the growing season (Fitzgerald et 
al. 1986). Within the forest, cattle will prefer herbaceous species when they are present 
(Fitzgerald et al. 1986). 
The native community types within the PR area are predominantly trembling aspen 
stands. A community type describes the plant species that compose the understory of the 
aspen leading canopy. The plant species available help to determine the potential time cattle 
may spend grazing within a particular area. 
1.2.4.2.3 The Feeding Station Level of Diet Selection 
An animal's feeding station is established when it stops walking, lowers its head and 
bites a plant (Stuth 1991). The pattern of feeding stations is strongly related to the 
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distribution and profitability of patches in a community, the size of the community, and the 
geographical relationship of the community to the animals grazing path (Novellie 1978; 
Ruyle and Dwyer 1985). Therefore, pasture design, as presented earlier, can provide a good 
indication of feeding station opportunities available to livestock within a given grazing area. 
Also, estimates of a sites ability to produce forage will do the same. While there is very 
little published information available in the BWBS Zone about forage production potential, 
forage yields are variable depending upon the site association and the extent of canopy 
closure (Wikeem and Wikeem 1998). 
Within a pasture setting, foraging behaviour at the feeding station level can be 
categorized as (1) search time; (2) time spent traveling between feeding stations; (3) biting 
rates within feedings stations; and, (4) duration of biting while at feeding stations (Stuth and 
Searcy 1987). Cattle increase the amount of grazing time allocated to searching between 
feeding stations when forage conditions are more universally high across plant species and 
livestock habitats (Figure 1.4). Cattle with access to abundant, good quality forage generally 
graze for approximately 9 hours (40% of the day) during a 24 hour period (France and 
Haywood-Farmer 1998). However, grazing time can and does vary. In the PR area, cattle 
may graze longer during cooler periods as the summer days shorten into fall. The grazing 
period may also be lengthened under high stocking rates, or when forage availability and 
quality is reduced (France and Haywood-Farmer 1998). The daily grazing period is extended 
when cattle graze vegetation of mixed quality and growth habit, such as shrubs and grasses 
(Vallentine 1990). As a result, animals appear to select fewer plant species and focus their 
selection on plant species which offer the maximum amount of green forage per bite (bite 
size) within the primary food group (refer to Table 1.3). If forage becomes limiting during 
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these high quality periods, animals intensify searching to acquire an adequate daily intake 
until their preferred primary food group is depleted. However, as the season progresses, 
summer to fall, and the amount of senescent material in the crown or canopy increases, cattle 
reduce search time between feeding stations and increase selection time at the feeding station 
(Stuth 1991). Each feeding station is more fully exploited during these times, Figure 1.4. In 
fact, when the animal stops to graze a feeding station, most of the available green forage is 
fully consumed before moving on to the next feeding station. During these periods of low 
forage supply, animal to animal competition for available forage can cause the herd to 
fragment into smaller feeding groups and disperse over a wider area of the landscape (Smith 
1988). 
Patchiness within communities has its greatest effect on distance between feeding 
stations (Figure 1.5) in both small and large herds of grazing cattle. Generally, seasonal 
variability, weather conditions (abiotic factors - wet conditions versus drought), and pasture 
design will influence the degree of patchiness within a plant community. In these situations, 
observed distances traveled between feeding stations can be up to 10 fold greater in distinct 
patchy communities as compared to communities with dense, continuous swards, 20-25 steps 
versus 2-3 steps between feeding stations, respectively (Stuth 1991). 
1.2.4.2.4 Plant Choice 
Once an animal establishes a grazing location, its experience with available forage is 
utilized in a plant species-to-species appraisal and selection process (Stuth 1991). Inherent 
livestock responses to natural phenomena include their ability to seek out the best forage 
(Mosley et al. 1997). Preference involves proportional choice of one plant species from 
among two or more species and is essentially behavioural (Stuth 1991). Cows that have this 
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ability demonstrate it by weaning strong, heavy calves on a regular basis and will be kept in 
the herd the longest (France and Haywood-Farmer 1998). The preference status of a 
particular plant species is largely dependent upon its inherent abundance, its 
morphological/phenological characteristics, the array of species on offer and the species of 
animal in question (Stuth 1991). 
Plant species selected in greater quantities, as a percent of diet, rather than found in 
the landscape (percent composition), are referred to as a preferred or favoured species 
(Figure 1.6). Such plant species do not generally dominate the diet unless they dominate the 
community. Instead, preferred species enhance the diet nutritionally resulting in better than 
normal animal performance. These species have high handling time for the animal but high 
nutrient concentration and/or are low in floristic composition. 
The more abundant species are generally consumed in proportion to their availability 
and are referred to as proportional or desirable species. When present in high percentages, 
they dominate the diet and usually provide the basis for estimates of grazing capacity. These 
species are not generally as high in nutrients as the preferred species but afford the animal the 
opportunity to maximize instantaneous intake rates (gm/bite) (Stuth 1991). 
Species not readily consumed by animals generally make up a lesser percentage of 
the diet than the percentage available in the vegetation. Consumption of this undesirable, 
forced, rejected, or avoided selection group is highly condition specific (i.e., incidental 
grazing when other preferred and proportional species are abundant, seasonal selection of 
specific plant parts (mast, pods, fruits, flowers, etc.) or major dietary components when the 
preferred and desirable species are limited) (Stuth 1991). This selection allows the animal to 
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survive in a subsistence situation. Incidental consumption is believed to be a response to 
animal sampling the variable plant parts as environmental conditions change (Smith 1988). 
Non-consumable species are generally not found in the diet of the animal except 
under extraordinary situations (Smith 1988). Generally, only specific adverse conditions 
result in any consumption. These species generally affect the animal only indirectly by 
reducing the overall grazing capacity of the range but can have a positive effect on nutrition. 
This is particularly true of shrubs, when cattle are the primary herbivore, as shrubs create 
microclimates for certain plant species which are nutritionally richer than associated species 
or maintain green material longer into dry or cold periods of the year (Vallentine 1990). 
Finally, there are the detrimental or toxic species. When most of the favoured species 
are reduced in the landscape, toxic species devastatingly express themselves in the diet. Tall 
larkspur (Delphinium glaucum S. Watson) and water hemlock (Cicuta douglasi, Coul. & 
Rose) are two plants in the PR area than can lead to instantaneous death in cattle (Majak et 
al. 2008). 
Recent studies correlating animal selection ratios (% diet -r % available) and a given 
plant species' inherent abundance in a sward have revealed four types of relationships (Stuth 
1991). 
• Particular plant species are preferred regardless of abundance and the presence of 
associated species (e.g. Creamy peavine (Lathyrus ochroleucus Hook), American 
vetch (Vicia Americana Muhlenberg ex Willdenow), and fire weed (Epilobium 
angustifolium L.)). 
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• Secondly, there are those species which are consumed proportional to availability and 
consumption is highly correlated to their inherent abundance (e.g. Dandelion 
(Taraxicum ojficianale G.H. Wever ex Wiggers)). 
• A third group invariably transcends all selection categories, their consumption of 
which changes from avoidance to preference as herbage mass declines. These plant 
species are referred to as variable or secondly preference species, and generally 
exhibit morphological constraints to consumption by animals (e.g. Prickly rose (Rosa 
acicularis Lindl., Rubus idaeus L.)). 
• Finally, there is the last group of avoided species which is selected at levels below 
their availability. Selection ratios of avoided species are poorly correlated with their 
inherent abundance. Those species generally contain undesirable nutritional 
attributes (e.g. Buffaloberry (Shepherdia canadensis (L.)Nutt.)). 
1.2.4.3 Livestock Distribution and Foraging Behaviour (Other Factors...) 
Livestock distribution refers to the dispersion of grazing animals over an entire 
pasture. The ideal distribution of use on rangeland extends the area of use as widely as 
possible. The objective of distribution management is uniform and moderate or maximum 
use that does not damage soil and/or vegetation (Heady and Child 1994). Numerous factors 
affect grazing distribution on BC's cultivated pastures and native ranges including: road and 
trail access, predators, recreationists, topography (slope, aspect), water availability (including 
stock water developments and direct water access), supplement placement (mineral and salt), 
alternative or improved forage, fencing, livestock barriers (natural and man-made), and 
various herd management and animal husbandry practices including herding, culling, turnout, 
livestock types and class, and handling facilities (BCMAL Fact sheet No.l 2006). 
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The factors discussed above are methods that can be intentionally applied to cattle 
movement in order to influence livestock foraging behaviours and must be applied practical 
and within the capabilities of the landscape. There are other factors that will influence 
foraging behaviour as a direct result of integrated resource use/activities (e.g. integrated 
forest, oil and gas, and range management). In many cases, this resource use will cause 
changes in cattle movement resulting in changes to foraging behaviour. For example, in 
places where cattle had choices, trampling damage generally appeared to be heavier in open 
areas and around heavy "skid" areas, suggesting that roads are primary travel routes and 
therefore, forested areas next to open travel routes are likely to sustain more damage (Lane 
1998). 
Whatever the situation, animals are continually making choices among plants at the 
feeding station level. Choices are influenced by plants in the animal's view, the animal's 
short-term memory of plants in previous feeding stations and the frequency with which 
positive reinforcement of that choice has been made while actively grazing. 
1.3 Experimental Area 
1.3.1 Project History 
A major forestry/grazing experiment in the DC TSA was initiated by Hays-Byl 
(Hays-Byl and Linnell Nemec 2001) in 1989. It is more commonly referred to as the "Holy 
Cow Experiment". The trial assessed whether: i) logging would reduce forage values; ii) 
cattle grazing would impede aspen regeneration; iii) results depended on the time of logging; 
and, iv) sowing of domestic forage would reduce grazing on aspen regeneration. Results 
from this stand level trial indicated that grazing did not significantly impact aspen 
regeneration and there appeared to be adequate forage for cattle grazing. However, this work 
was done at the stand level under experimental conditions. Cattle densities were controlled 
in small, restricted areas with fences. The transferability of these experimental results to 
larger scales has been questioned by both cattle and forest industries. 
In an effort to further understand cattle distribution and range utilization, the 
BCSPRSA initiated a GPS cow collaring trial. At the start of the 2002 grazing season, a total 
of eightteen GPS collars were deployed on two areas at GB and BM community pastures 
(Figure 1.7). Specifically, the objective of this trial was to determine how logging operations 
affected movement and grazing patterns of cattle within harvested aspen cutblocks areas. 
From an operational perspective, the stockmen wished to visually demonstrate and document 
to the forest industry that thick aspen re-growth within harvested cutblocks, prevented even 
cattle distribution, impeded historical grazing opportunities, and created additional grazing 
pressures on other areas of the range resource. 
Near the end of the 2002 grazing season, a partnership agreement between the 
BCSPRSA and UNBC for GPS cow collar data use and information sharing was formed. In 
addition to addressing the stockmen's original trial objectives, UNBC wanted to generate 
landscape-level information on cattle grazing and distribution patterns across an entire range 
tenured area of Crown range. 
After two consecutive grazing seasons, UNBC purchased an additional ten GPS 
collars, which were added to the overall study design, on the BD community pasture shown 
in Figure 1.7. Based on preliminary data analysis, this study area was identified as a critical 
component of the overall cow collaring research project. The BD acted as a control over two 
consecutive grazing seasons for monitoring pre-harvest activities on cattle grazing and 
distribution patterns within primary, secondary, and tertiary range use areas across the 
landscape. The BM and GB study area locations, which have been in place for the last four 
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grazing seasons, afforded the opportunity to examine post-harvest impacts; pre-harvest data 
has been based on information sharing between the project partners, team members, and local 
knowledge and recollection. 
From an oil and gas perspective, the two study locations in the DC area had seen very 
little activity or development. As a result of this industrial activity, cattle grazing and 
distribution patterns were not addressed in the initial phases of the study design and 
hypothesis testing. Once the BD was added to the study in 2004, preliminary data analysis 
and mapping showed that seismic exploration and petroleum development had a significant 
influence on how cattle used that landscape. As well, during the fall and winter of 
2004/2005, the oil and gas industry was rapidly expanding across the BM and GB 
landscapes. Therefore, for the start of the 2005 grazing season, it was decided by the project 
partners and team members to examine the data and account for this variability between three 
study areas. 
As multiple resource developments expand throughout the PR impacts to the other 
industries will occur. With better understanding of the grazing habits of cattle and the 
influence that resource development, broadleaf harvesting and oil and gas activity, has on the 
animals and vise versa, it will only better the techniques utilized to decrease disturbance to 
alternate resource users. It will also increase the mitigation choices that industries can use to 
achieve mutual success in negotiations with cattle grazers. 
Table 1.1 Average daily maximum and minimum temperatures (°C) and precipitation (mm) 
for Northeastern British Columbia (Environment Canada). 
Fort St. John Dawson Creek 
Month High Low Precipitation High Low Precipitation 
June 19 8 67 20 7 79 
July 21 10 74 22 10 81 
August 20 9 58 21 8 63 
September 15 4 44 15 3 48 
October 9 0 22 8 -2 26 
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Table 1.2 Peace River Area Weather Reviews for 2002 to 2005 care of Environment Canada. 
5 Month Grazing Season Weather Review (Environment Canada) 
2002 2003 2004 2005 
Fort St. John 
June warm, dry 
& sunny 
near avg.temp. & 
precip. warm & dry chilly, wet & windy 
July very close to avg. 
near avg. temp. & 
precip. warm & wet cold, wet & windy 
Aug. dry & a little cool 
near avg. temp. & 
precip. cool & wet cool with avg. rainfall 
Sept. dull& cold month 
near normal temp. 
& dry 
5th coldest, 4th rain & 
snow on record near avg. temp, but wetter 
Oct. cool & very dry 
warm & near 
normal precip. 
cold & wet with mostly 
snow falling 
above avg. temp.& less 
precip. 
Dawson Creek 
June no data 
available 
near avg. temp. & 
very dry warm & very dry chill & dry 
July no data available 
near avg.temp. & 
very dry chilly & dry chilly & dry continuing 
Aug. no data available 
near avg. temp. & 
precip. 
cool with near double 
avg. rain cool & very dry 
Sept. no data available 
near avg.temp. & 
dry 
cool and wet. 7th cold and 
9th rain on record chilly & dry continuing 
Oct. no data available 
near avg. temp. & 
precip. 
cool & very wet with 
double avg. precip. 
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Table 1.3 Five Main Plant Community Types within the Peace River area (Bondaroff 2006). 
1. Populus tremuloides/Rosa acicularis/Tall Forb 
This is part of the low bush cranberry ecosites outlined by Beckingham and Archibald 
(1996). This community is very similar to the Aspen/Rose/Low forb community type, with 
increased forb cover. This community type has been providing an above average (5-7.5 
acres/AUM) amount of forage for domestic livestock (Willoughby et al. 2004). 
2. Populus tremuloides/Rosa acicularis!Low Forb 
This is part of the low bush cranberry ecosites outlined by Beckingham and Archibald 
(1996), and is similar to the Aspen/Rose/Tall forb community type. Site factors or higher 
grazing pressure on the Aspen/Rose/Tall forb community type appeared to cause a reduction in 
the cover of tall growing forbs (bunchberry, wintergreen, twinflower, strawberry). This 
community type has been providing a below average (7.5-10 ac/AUM) amount of forage for 
domestic livestock and would be considered primary native range (Willoughby et al. 2004). 
3. Populus tremuloides/Shepherdia canadensis 
Beckingham (1993) felt the Aw/Soopolallie (Buffaloberry) types was slightly drier and had 
a slightly poorer nutrient regime than the modal Aw/Rose community types. This type will 
provide a below average (7.5-12 acres/AUM) amount of forage for domestic livestock, but the 
drier site conditions and poorer nutrient status will limit regrowth after grazing. Soopolallie 
(Buffaloberry) the predominant shrub species in this community type has generally been 
unpalatable to livestock. 
4. Populus tremuloides/Alnus spp. 
This community type has provided a moderate amount (10-15 acres/AUM) of forage for 
domestic livestock, but in some cases the high cover of alder will limit access of livestock. 
However, this community type would be considered primary native range. 
5. Burned Populus tremuloides 
This community type was the result of a regular burning program. There has been little or 
no work done within this community type. However, it appeared to be providing an average 
amount of forage for livestock and would be considered primary native range (Bondaroff 2005). 
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Table 1.4 Range Plants of the Peace Region (Bondaroff 2006; Stone and Lawrence 2000). 
Range Plants of the Peace Region 
Red = Usable Cattle Forage 
Black= Non-useable Cattle Forage 
FORBES CONT. 
Medicago sativa (Alfalfa) 
Mertensia paniculata (Tall Bluebells) 
Mianthemum canadense (Lilly-of-the-valley) 
Mitella nuda (Common Mitrewort) 
Moehringia lateriflora (Sandwort) 
Orthilia secunda (One sided Wintergreen) 
Osmorhiza depauperate (Sweet Cicely) 
Petasites palmatus (Palmate Coltsfoot) 
Pyrola spp. (Wintergreen species) 
Smilacina stallata (Solomon's Seal) 
Solidago canadensis (Canadian Goldenrod) 
Stellaria calycantha (Northern Starwort) 
Streptopus amplexifolius (Twisted stalk) 
Taraxicum officianale (Dandelion) 
Thalictrum occidentale (Western Meadowrue) 
Trientalis borealis (Starflower) 
Vaccinium spp. (Blueberries species) 
Vicia americana (American Vetch) 
Viola canadensis (Canadian Violet) 
TREES & SHRUBS 
Alnus Crispa (Green Alder) 
Amelanchier alnifolia (Saskatoon) 
Apocynum adrosaemifolium (Dogbane) 
Cornus stolonifera (Red-osier Dogwood) 
Linnea borealis (Twinflower) 
Populus balsamifera (Cottonwood) 
Populus tremuloides (Trembling Aspen) 
Ribes spp. (Gooseberry) 
Rosa acicularis (Rose) 
Rubus ideaus (Raspberry) 
Rubus parviflorus (Thimbleberry) 
Rubus pubescens (Trailing Raspberry) 
Shepherdia canadensis (Buffaloberry) 
Spirea betulifolia (Birch-leaved Spirea) 
Symphoricarpos albus (Snowberry) 
Viburnum opulus (High-Bush Cranberry) 
FORBES 
Achillea millefolium (Yarrow) 
Actaea rubra (Baneberry) 
Aralia nudicaulis (Wild Sarsasparilla) 
Arctostaphylos uva-ursi (Kinnikinnick) 
Arnica cordifolia (Heart-leaved Arnica) 
Aster spp. (Asters) 
Castelleja miniata (Common Paintbrush) 
Cicuta douglasii (Water Hemlock) 
Cornus canadensis (Bunchberry) 
Delphinium glaucum (Tall Larkspur) 
Disporim trachycarpum (Fairybells) 
Epilobium angustifolium (Fireweed) 
Equisitum arvense (Common Horsetail) 
Erigeron philadelphicus (Fleabane) 
Frageria virginiana (Wild Strawberry) 
Galium boreal (Northern Bedstraw) 
Galium triflorum (Sweet-scented Bedstraw) 
Goodyera oblongifolia (Rattlesnake-Plantain) 
Gymnocarpium dryopteris (Oak Fern) 
Heracleum lanatum (Cow Parsnip) 
Lathyrus spp. (Peavine spp.) 
GRASSES 
Bromus biebersteinii (Meadow Bromej 
Bromus ciliatus (Fringed Brome) 
Bromus inermis (Smooth Brome) 
Clamagrostis spp. (Canada Reed Grass) 
Dactylis glome rata (Orchard Grass) 
Elymus innovatus (Hairy Wildrye) 
Elymus lanceolatus (Northern Wheatgrass) 
Festuca spp. (Fescue) 
Hesperostipa cornata (Needle & Thread) 
Hesperostipa curtiseta (Western Porcupine) 
Hordeum jubatum (Foxtail Barley) 
Koeleria macrantha (Junegrass) 
Nassella viridula (Green Needle Grass) 
Pleum pretense (Timothy) 
Poa spp. (Blue Grasses) 
Triflorium hyrbridum (Alsike Clover) 
Trifolim repens (White Clover) 
SEDGES AND RUSHES 
Car ex spp. (Sedges) 
J uncus balticus (Baltic Rush) 
Lonicera involucrata (Black twinberry) 
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Table 1.5 Attributes at the plant community and patch level which influence the animal's 
selection of forage site (Modified from Stuth 1991). 
Attribute Function 
Moisture-holding 
capacity of soil 
Forage supply and stability. 
Species composition Affects suitability/stability of the site for general dietary and 
nutritional needs. 
Plant Frequency Affects the probability of encounter of plant species by the 
animal and number of dietary decisions. 
Abundance Affects the supply of nutrients. 
Structure Affects accessibility and harvest ability of plant species and 
nature of thermal niches provided. 
Continuity Affects movement velocity. 
Size Affects amount of search area available. 
Aspect Affects the thermal characteristics of the sites. 
Orientation in landscape Position relative to needs of foci affects frequency of 
exposure to grazing. 
Figure 1.1 Photo of GPS collar and species that have been collared in the past (Photo 
courtesy of Lotek Wireless 2002). 
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Figure 1.2 Landscape configurations reflecting a unique set of forage resources, water 
locations, and terrain constraints (Modified from Stuth 1991). 
Hierarchy of Dial Selection 
Figure 1.3 Diet selection process from the landscape level down to the individual plant 
(Modified from Heitschmidt and Stuth 1991). 
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Figure 1.4 Effects of seasonal quality of plant communities on feeding station (FS) 
behaviour. High forage quality results in short feeding times at stations with longer search 
intervals between feeding stations (Modified from Stuth 1991). 
\ 
Figure 1.5 Pattern of feeding stations along a directional grazing path as influenced by patch 
environments which vary in herbage mass (g/m2) and potential harvest rates (g/min) 
(Modified from Stuth 1991). 
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PP- Proportional 
PF- Preferred 
F - Forced 
Preferred 
Proportional f 
FEEOrNS 
STflTfON 
Figure 1.6 Animals are faced with a choice of plants at a feeding station which offer 
different potential instantaneous intake rates, nutrient density and secondary compounds 
(Modified from Stuth 1991). 
• Ground Birch Study Area _ 
m Bear Mountain Study Area • Beatton-Doig Study Area 
Figure 1.7 Map of the three study area locations, Beatton Doig (purple box), Bear Mountain 
(orange box) and Groundbirch (green box), in the BWBS biogeoclimatic zone. 
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2.0 THE STUDY AREAS 
Three separate herds of cattle were fitted with GPS collars, one herd within each of 
the three separate community pastures within the PFD (Figure 1.7). 
The first study area encompasses two sections of the BM Community Pasture referred 
to as the "Pie" and "Deep Creek". These areas were grazed by a herd of cows owned by Ted 
and Joyce Henderson of Arras, BC. Nine of their cattle were fitted with GPS collars. The 
cows were initially chosen by the Henderson's as cattle that had been grazed within the 
pasture for a minimum of 3 years prior to the initial study, and were to remain within the 
herd. If during the study period the cow was selected to be sold, the heifer of the cow was 
then collared. The second study area utilized two sections of the GB Community Pasture 
referred to as "Elliot's Creek" and "Bluebell". These areas were grazed by cattle owned by 
Gino Marroni of Groundbirch, BC. These nine cattle were collared utilizing the same 
standards as the Henderson's used each year. The third study area was an entire forested area 
within the BD Community Pasture. The ten cattle collared in this area were owned by Sam 
Martin of Fort St. John, BC. The same ten cattle, too, were chosen to be collared each year. 
2.1 Bear Mountain Description 
The Bear Mountain (BM) study area was approximately 4305 acres or 1743 hectares 
(Figure 2.1). Within the BM study area, 4.7% in the Pie and 3.8% in Deep Creek was 
composed of seeded or tame pasture areas. The remaining 95.3 % of the Pie and 96.2% of 
Deep Creek was mature, "park-like" aspen. These stands favoured the growth of low forbs 
(bunchberry, dewberry, wintergreen, strawberry) and had generally been classified as 
Aspen/Rose/Low Forb community types (Willoughby et al. 2006). There were also three 
cutblocks which were located near the east boundary of the Deep Creek study area, the Pie 
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had no cutblocks. These cutblocks only occupied a small percentage (1.84%) of the overall 
land base (Figure 2.2). 
The boundary characteristics included a north, east, and west fence line which was 
cleared and seeded. To the south, an older, existing fence line was located just above the cut 
banks of the Kiskatinaw River. In areas where fencing did not occur or exist, the river and its 
banks acted as a natural range barrier for most of the grazing season. 
Cleared and seeded fence lines (approximately 5-20 m wide) also contributed to the 
amount of tame pasture available for livestock grazing. Other tame pasture areas included 
seeded roads and trails, both older and newer. Oil and gas activities as well as forest 
harvesting had been developing within the study area and have resulted in creation of 
relatively few foraging opportunities for livestock. 
Water within the study area was relatively abundant and consisted of dugouts, filled 
from snow runoff in the spring, and a creek, which flows through the Deep Creek pasture of 
BM. Since the Kiskatinaw River was mainly fenced out, the cattle did not rely on this water 
for a major source of watering. 
Turnout dates for cattle into the BM study area generally occured during the first 
week of June. The cattle spent approximately four months utilizing the Crown range 
resource. They were generally taken out during the first week of October or when the 
stubble height (12 cm) had been met according to the MFR guidelines (Table 2.1). 
The two areas of the BM community pasture were grazed by cattle at different times 
of the grazing season. The Pie was grazed during the first few weeks of the grazing season 
and Deep Creek was grazed for the remainder of the season. Once the stubble height had 
been met in the Pie, the cattle were physically herded into the Deep Creek area of the pasture. 
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At the end of the season, the gates were re-opened into the Pie and the cows made their way 
home to the Henderson Ranch. 
2.2 Groundbirch Description 
The Groundbirch (GB) study area was approximately 8600 acres or 3482 hectares 
(Figure 2.3). Within the GB study area, 0.7% in Elliot's Creek and 5.4% in Bluebell was 
composed of seeded or tame pasture areas. The remaining areas of each pasture were 
composed of mixedwood forests including aspen, cottonwood (Populus trichocarpa T. & 
G.), lodgepole pine (Pinus contorta Dougl.), and white spruce. There were also swampy 
areas with black spruce (Picea mariana Mill.) and tamarack (Larix laricina (Du Roi) K. 
Koch) as their leading tree species. There were nineteen cutblocks within Elliot's Creek, and 
4 cutblocks within Bluebell. These cutblocks occupied an overall land base of: 22.74% at 
Elliot's Creek and 13.88% of the Bluebell. 
The boundary characteristics included a north, east, and south fence line, the west 
boundary a natural barrier established by the banks of the Murray River. There were two 
main access roads into the GB community pasture (Figure 2.4). There were also numerous 
secondary roads leading to oil and gas sites or existing cutblocks that the cattle use for access 
and travel throughout the tenure. 
Concurrently oil and gas activities, as well as forest harvesting, had been developing 
within the study area. These resource developments had increased access for cattle within 
the study area. 
The mature aspen stands within the GB study area offered significant foraging 
opportunities (outside of tame pasture) for livestock use. On average, these mature stands 
will produce between 400-500 kg/ha of useable forage (Bondaroff 2006). 
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The two areas at GB were grazed by cattle at the same time during the grazing 
season. The cattle were turned out at a gate site separating Elliot's Creek and Bluebell 
pasture areas. Approximately half of the cattle were put onto each pasture area. Partway 
through the grazing season, depending on forage availability, the gate was again opened to 
allow the cattle to move freely between the pasture areas. 
2.3 Beatton-Doig Description 
The BD study area was 4774 Acres (1932 Hectares) (Figure 2.5). For the most part, 
the boundary around this area was a combination of natural and constructed, range barriers. 
The north boundary consisted of perimeter fencing, and natural barriers that included swamp 
and wetlands and the banks of the Doig River. The south boundary was a combination of the 
steep slopes breaking into the Beatton and Doig Rivers. The west boundary was an 
established cleared fence line. The east boundary was comprised of steep slopes breaking 
into the Doig River and large river flats with limited and difficult access. 
Within the study area, mature "park-like" aspen was the dominant canopy cover with 
a predominant Aspen/Rose/Tall Forb community type (Willoughby et al. 2006). The primary 
access feature within the study area was a mainline road and two secondary branch roads 
(Figure 2.6). These roads were distinctly long, linear features that bisected the study area. 
The main access road had a wide ditch line on either side of the road (approximately 5-20m) 
which had been seeded to a tame mixture and provided forage opportunities for cattle 
grazing. 
Linear seismic lines and pipeline corridors were basically evenly distributed across 
the study area within the BD Community pasture. Oil and gas lease sites were also found 
throughout the study area, and were mainly fenced to exclude cattle grazing. The older, 
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inactive lease sites had been seeded to tame grass and provided grazing opportunities for the 
cattle. 
The BD site offered the overall project with a control for monitoring pre-harvest activities 
on cattle distribution patterns within primary and secondary range areas across the landscape. 
2.4 Cattle Grazing and Distribution Patterns within Bear Mountain, Groundbirch, and 
Beatton-Doig Study Area 
2.4.1 Methodology 
2.4.1.1 Experimental Design 
From the 2002 to 2005 grazing seasons, the BM study area (Figure 2.1), and 
the GB study are (Figure 2.3) have provided a solid foundation and starting point for 
monitoring and analyzing cattle distribution patterns within primary, secondary, and tertiary 
range use areas at the landscape level. For the 2004 to 2005 grazing seasons, the BD study 
area (Figure 2.7) was grazed by ten collared cattle. 
Preliminary identification of topology and cattle usage areas were completed in the 
summer of 2002. A total of 16, 000 meters (m) of ecological line transects were established 
in BM. These transects ran north to south (Figure 2.8) and were used to identify the survey 
areas and remained in place through the duration project. Utilizing the main access roads of 
the community pasture, these transects were established every 1000m starting from the initial 
gate entering the study areas in the community pasture. Information including tree species, 
stem density, breast diameter (1.3 m), plant composition, and topography measurements were 
taken every 100 m along each of the transect lines. 
A total of 37,000 m of ecological transect line were completed in the summer of 2002 
were established in GB. These twelve transect lines, green lines running north to south 
(Figure 2.7), were used to identify the survey areas and have remained in place since the start 
of the project. The same establishment method utilized for BM was used in GB. 
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A total of 30,000 meters of ecological line transects were established in BD for the 
preliminary identification of serai stage data in 2003. The transect lines (orange lines on 
orthophoto, Figure 2.9) were used to identify the survey areas. 
Nine cows were fitted with Lotek Wireless GPS collars in the BM and GB study 
areas, ten collars were utilized in BD (Figure 2.10). Refer to Table 2.1 for cow collar capture 
dates for each of the study areas. The GPS collar system was designed to give data retention 
the highest priority. That is, stored information would be preserved even if the unit ceased to 
operate through battery exhaustion or under extreme low temperature conditions. Memory 
capacity was sufficient for storage of up to 89,936 solved data records or 41,508 differential 
locations. The data available from the animal consisted of GPS fixes taken at pre-
programmed one-hour intervals for five months including latitude, longitude, sensor data, 
and fix quality information in on-board memory for later retrieval. Access to data retrieval 
and other system functions and arbitrated energy demands are stored within the collar units. 
The latter was necessary since there were circumstances, (e.g. animal lying down or in deep 
radio shadow) in which a fix could not be obtained, or in which only a 2D position, from 
three satellites, was available. These conditions had to be managed to get the maximum 
"value" for energy expended. 
At the end of each grazing season, the cows were gathered and returned to their 
home, winter range. At this point, the GPS collars were removed and sent to the 
BCSPRSA/UNBC technician for downloading (Figure 2.11). 
2.4.1.2 Establishment of Landscape Features and Map Buffer Zones 
In the preliminary stages of the project, the initial goal was to look at forest cover or 
serai stage distribution, identify plant community types, map topography, location of roads 
and trails, fence lines, water, and other development within each of the individual study areas 
(Figure 2.7, Figure 2.8, and Figure 2.9). Due to the scope of the project, landscape and 
topological variability, and ecological differences among the three study areas, the use of the 
buffer zones was established for consistency to compare the results among the study areas 
more effectively. However, from this preliminary and additional orthophoto interpretation, 
primary use areas and landscape features such as the tame pasture, fence lines, and roads and 
trails were identified and mapped using Arc View Version 3.1 software. From these features 
and range use areas, buffer zones were created at 25 m intervals up to 200 m from them. For 
the purposes of data analysis, the tame pasture areas, including the travel corridors, were 
considered to be at 0 m (Figure 2.12). 
Figure 2.12 displays the buffer zones fanning out from the tame pasture and access 
features at GB. These areas did not include the cutblocks. For the purpose of the data 
analysis, the calculations referred to the access features as the tame pasture area or the 0 m 
buffer zone. The tame pasture area only includes this buffer strip. The 25 m buffer zone 
only includes the 25 meter zone starting from the outer edge of the 0 m zone. The 50 to 200 
meter buffer zones include the preceding buffer zones but not the tame pasture zone. For 
example, the 50 m buffer zone includes the 25 m buffer zone but not the 0 m zone. 
2.4.1.3 Measurements 
In order to determine the expected amount of time spent on the landscape, the total 
area of the grazing pastures within each of the study areas were calculated using Arc View. 
Buffers were attached to the tame pasture areas and any access features at 25, 50, 75, 100, 
125, 150, 175, and 200 m intervals (as shown in Figure 2.12) and the percentage of the 
landscape within each of the buffers areas was determined. Using the functions available 
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through Arc View v.3.2.1, the points were spatially analyzed based on their presence within 
the buffered areas and tame pasture/access features. Once the data were downloaded from 
the GPS collars the points were overlaid on the buffer zones and the numbers of points within 
each of the buffer zones were totalled. The percentages of the points were calculated within 
each of the buffer zones. 
2.4.1.4 Data Analysis 
2.4.1.4.1 Electivity Index 
Two separate forms of data analysis were used to analyze the cow collar data for each 
of the three study sites. The first set of data analysis used was Ivlev's Electivity Index (Ivlev 
1961). Ivlev's Electivity Index is a scaled version of the fraction utilized to produce a new 
measure of preference called electivity: 
Equation 2.1 Ej=(rj-nj)/(rj+nj) 
Where E= Ivlev's electivity measure for species i 
rj= percentage of area i the cattle utilized 
n;= percentage of area i available in the environment 
Electivity varies from -1.0 to +1.0 with values between 0 and +1 indicating 
preference and values between 0 and -1, indicating avoidance. Ivlev's electivity measure is 
sensitive to the relative densities of the food types, as is the forage ratio measure, used to 
quantify food selection. One advantage of Ivlev's measure is that several food types may be 
included (Ivlev 1961). 
2.4.1.4.2 x2 Test 
The second test completed for the data was the Chi Square (x2) Test (Sprinthall 2005). 
This test indicates whether or not frequency differences have occurred as a result of chance. 
Chi Square requires that the data be in nominal form or the actual number of cases 
41 
(frequency of occurrence) falling into two or more discrete categories (Sprinthall 2005). It is 
considered a nonparametric test (no population assumptions are required for its use) 
(Sprinthall 2005). The formula is calculated as follows: 
Equation 2.2 y2=X(Q-E)2 
E 
Where 0= Frequencies actually observed and 
E= Frequencies expected on the basis of chance, this is based on percent area occupied by a 
specific buffer zone. 
If the x value is greater than the predetermined value of 3.84 with a confidence level 
at 95% (a = 0.05), or greater than the predetermined value of 6.64 with a confidence level at 
99% (a = 0.01) then this suggests that the cow is not in the particular area due to chance. It is 
either attraction or avoidance of the area. 
X2 tests were calculated for each individual year against the landscape or expected 
percentage of time spent in a particular area. Also, comparative analysis was completed 
among each of the grazing years utilizing the previous year's data as the expected value. 
This was to determine if the cattle were grazing the same way each year (selective) of if they 
were grazing randomly. 
Table 2.1 Collar turn out and round-up dates for each study area. 
Study Area Turnout Date Round-up Date 
Bear Mountain 
2002-06-01 2002-10-15 
2003-06-01 2003-10-15 
2004-06-01 2004-10-15 
2005-06-01 2005-10-15 
Groundbirch 
2002-06-01 2002-10-15 
2003-06-01 2003-10-15 
2004-06-01 2004-10-15 
2005-06-01 2005-10-15 
Beatton-Doig 
2004-07-15 2004-10-15 
2005-07-15 2005-10-15 
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Bear Mountain 
Pie 
Deep Creek 
\ 
Figure 2.1 Bear Mountain Study area. 
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Figure 2.2 Bear Mountain access features. Red lines show trails and access roads, and the 
W boundary of the Pie. The yellow lines show the boundary of Deep Creek and the grey 
shaded areas are the three cutblocks within Bear Mountain. 
Fngmire 23 Groundbirch Study Area (8600 Acres or 3482 Hectares). 2002 points (green), 
2003 points (red), 2004 points (dark blue), 2005 points (aqua). 
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Figure 2A Groundbirch access features, see text for details. 
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Figure 2.6 Beatton-Doig access features, roads (blue), seismic lines (yellow). 
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Figure 2.7 Ground-truthing of topology with ecological transect lines at Bear Mountain 
shown in green lines running north to south on the topographic map. 
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Figure 2.8 Ground-truthing of topology ecological transect lines in Groundbirch shown 
with green lines running east to west on the topographic map. 
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Figure 2.9 Ground-truthing of topology ecological transect lines in Beatton-Doig, 
eighteen ecological transect lines (yellow lines) are identify the survey lines established 
in December 2003. 
51 
Figure 2.10 Simmental cow being fitted with GPS collar prior to release at the Bear 
Mountain study area in June 2003. 
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Figure 2.11 Actual 2002 (Pie (yellow), Deep Creek (light green)), 2003 (Pie (olive), Deep 
Creek (turquoise)), 2004 (Pie (Red), Deep Creek (dark green)), and 2005 (Pie (red), Deep 
Creek (blue)) GPS cow collar points indicating cow locations and distribution patterns on 
Bear Mountain. 
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Figure 2.12 Groundbirch buffer zones including 0 (green line), 25 (red), 50 (orange), 75 
(yellow), 100 (green), 125 (blue), 150 (purple), 175 (pink), and 200 (gray) meters. 
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3.0 BEAR MOUNTAIN RESULTS 
3.1 Bear Mountain (Pie) 
3.1.1 Electivity Index 
Appendix A Section 1 shows the cow collar GPS points for each of the grazing years. 
The electivity values for 2002 and 2003 give a single positive value in the tame pasture area 
(Table 3.1). The tame pasture areas were not included in the calculation of the percentage of 
time spent in the buffer zones. For both the 2004 and the 2005, the values indicated the same 
for the tame pasture and the 25 m buffer zone. For each of the grazing years, the highest 
positive value was obtained within the tame pasture, and the electivity indices decreased with 
each 25 m increment. 
The patterns for all four years were the same. The greatest changes in the electivity 
indices occurred between the tame pasture and the 25 m buffer zone. From the 25 m buffer 
outwards towards the 200 m buffer, the electivity indices continued to decrease but at a lesser 
rate. 
Table 3.1 Electivity results for Bear Mountain (Pie) 2002, 2003, 2004 & 2005. Areas of 
preference are highlighted in green. 
Buffer 
Area 
(less 
Tame 
Pasture) 
% Observed 
% Land 
Electivity 
2002 2003 2004 2005 2002 2003 2004 2005 
Tame 55.24 49.31 49.73 50.88 4.70 0.84 0.83 0.83 0.83 
25 m 14.48 13.09 21.77 21.73 16.70 -0.071 -0.12 0.13 b.13 
50 m 20.22 19.32 27.38 27.94 31.70 -0.22 -0.24 -0.073 -0.063 
75 m 24.55 24.76 33.22 31.89 45.30 -0.30 -0.29 -0.15 -0.17 
100 m 28.86 30.27 38.48 35.46 56.90 -0.33 -0.31 -0.19 -0.23 
125 m 32.63 34.39 42.43 39.79 65.41 -0.33 -0.31 -0.21 -0.24 
150 m 37.71 39.97 45.35 42.54 72.40 -0.32 -0.29 -0.23 -0.26 
175 m 39.91 43.27 47.44 44.46 77.93 -0.32 -0.29 -0.24 -0.27 
200 m 40.94 44.89 48.08 45.12 81.80 -0.33 -0.29 -0.26 -0.29 
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3.1.2 x2 
Cattle were very selective for tame pasture in all four years (Table 3.2). Though not 
significant, they spent a proportional amount of time (13.1 - 21.8% time on 16.7% of 
landbase) in the 25 m buffer. In the first two years, cattle avoided the 50 m buffer zone and 
though not significant, the same trend was observed in the last two years. Cattle selectively 
avoided the 75 m buffer in three of the four years and avoided usage of all the remaining 
buffers in all of the years. Overall, the trends were similar among all the years (grazing 
fidelity) and supported the observations of the Electivity Index. 
At 25 m, 2003 was significantly different from both 2004 and 2005 and 2003 was 
different from 2005 at 50 m (Table 3.3). All other annual comparisons were not significant. 
This suggested for the most part, the cattle demonstrated grazing fidelity. 
Table 3.2 x2 results for Bear Mountain (Pie) 2002, 2003, 2004, & 2005 versus the landscape. 
Areas of high preference or avoidance (a = 0.01) are highlighted in green. Those areas that 
Buffer 
Area 
% Observed Time 
% Land 
X2 between Year & Landscape 
2002 2003 2004 2005 2002 2003 2004 2005 
Tame 55.24 49.31 49.73 50.88 4.70 543.4: I 123.3< j 131.46 153.7 
25 m 14.48 13.09 21.77 21.73 16.70 0.30 0.78 1.54 1.52 
50 m 20.22 19.32 27.38 27.94 31.70 4.16 4.84 0.59 0.45 
75 m 24.55 24.76 33.22 31.89 45.30 £.51 9.31 3.22 3.97 
100 m 28.86 30.27 38.48 35.46 56.90 13.82 12.47| 5.96 8.08 
125 m 32.63 34.39 42.43 39.79 65.41 16.43 14.71 8.08 10.0^ 
150 m 37.71 39.97 45.35 42.54 72.40 16.62 14.53 10.11 12.32 
175 m 39.91 43.27 47.44 44.46 77.93 18.55 15.41 11.93 14.38 
200 m 40.94 44.89 48.08 45.12 81.80 20.42 16.66| 13.9Clj 16.45| 
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Table 3.3 x2 results for Bear Mountain (Pie) yearly comparisons: areas of high preference or 
avoidance (a = 0.01) are highlighted in green. Those areas that are preferred or avoided (a = 
0.05) are highlighted in yellow. 
% Observed Time X among Years 
2002 2002 2002 2003 2003 2004 
Buffer vs vs vs vs vs vs 
Area 2002 2003 2004 2005 2003 2004 2005 2004 2005 2005 
Tame 55.24 49.31 49.73 50.88 0.64 0.55 0.34 0.0040 0.050 0.026 
25 m 14.48 13.09 21.77 21.73 0.13 3.68 3.64 5.76 5.71 0.000 
50 m 20.22 19.32 27.38 27.94 0.040 2.54 2.95 3.36 3.84 0.012 
75 m 24.55 24.76 33.22 31.89 0.0020 3.07 2.20 2.89 2.05 0.053 
100 m 28.86 30.27 38.48 35.46 0.069 3.21 1.51 2.23 0.89 0.24 
125 m 32.63 34.39 42.43 39.79 0.095 2.94 1.57 1.88 0.85 0.16 
150 m 37.71 39.97 45.35 42.54 0.14 1.55 0.62 0.72 0.16 0.17 
175 m 39.91 43.27 47.44 44.46 0.28 1.42 0.52 0.40 0.032 0.19 
200 m 40.94 44.89 48.08 45.12 0.38 1.25 0.43 0.23 0.0010 0.18 
3.2 Bear Mountain (Deep Creek) 
3.2.1 Electivity Index 
For all four of the study years, the highest values for the electivity index were shown 
for the Tame Pasture and the 25 m buffer (Table 3.4). The 50 m buffer was used 
preferentially in all years except 2002. The 75 m buffer was used preferentially during 2004 
and 2005. 
Table 3.4 Electivity results for Bear Mountain (Deep Creek) 2002, 2003, 2004, & 2005. 
Areas of preference are highlighted in green. 
Buffer 
Area 
% Observed Time 
% 
Land 
Electivity Index 
2002 2003 2004 2005 2002 2003 2004 2005 
Tame 36.26 30.35 25.88 29.96 3.80 0.81 0.78 0.74 0/78 
25 m 13.56 15.72 16.25 13.91 10.80 0.11 0.19 m o i l 
50 m 20.42 23.00 24.03 27.59 20.70 -0.0070 105; ).074 0.14 
75 m 26.15 28.46 29.83 33.59 29.60 -0.062 -0.020 0.0040 0.O63| 
100 m 30.81 33.78 35.49 37.57 37.80 -0.10 -0.056 -0.031 -0.003 
125 m 34.95 38.77 40.77 41.38 44.84 -0.12 -0.073 -0.048 -0.040 
150 m 38.67 43.07 45.75 45.23 52.50 -0.15 -0.099 -0.069 -0.074 
175 m 42.55 47.06 50.14 48.77 58.96 -0.16 -0.11 -0.081 -0.095 
200 m 45.45 50.11 53.65 51.95 64.80 -0.18 -0.13 -0.094 -0.11 
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3.2.2 x2 
The preference for tame pasture (Table 3.4) was significant in all 4 years (Table 3.5). 
None of the other selected for grazing were significant except for the cattle's avoidance in 
2002 at 175 and 200 m. All other x2 relationships were not significant. There were no 
differences among years for cattle usage of the various buffer zones (Table 3.6). 
Table 3.5 x2 results for Bear Mountain (Deep Creek) 2002, 2003, 2004, & 2005 versus the 
landscape. Areas of high preference or avoidance (a = 0.01) are highlighted in green. Those 
areas that are preferred or avoided (a = 0.05) are highlighted in yellow. 
Buffer 
Area 
% Observed Time 
% Land 
X2 among Year and Lane scape 
2002 2003 2004 2005 2002 2003 2004 2005 
Tame 36.26 30.35 25.88 29.96 3.80 [277.30 185.52 128.31 180.09| 
25 m 13.56 15.72 16.25 13.91 10.80 0.71 2.24 2.75 0.90 
50 m 20.42 23.00 24.03 24.59 20.70 0.0040 0.26 0.54 0.73 
75 m 26.15 28.46 29.83 33.59 29.60 0.40 0.044 0.0020 0.54 
100 m 30.81 33.78 35.49 37.57 37.80 1.29 0.43 0.14 0.0010 
125 m 34.95 38.77 40.77 41.38 44.84 2.18 0.82 0.37 0.27 
150 m 38.67 43.07 45.75 45.23 52.50 3.66 1.69 0.87 1.00 
175 m 42.55 47.06 50.14 48.77 58.96 4.57 2.40 1.32 1.76 
200 m 45.45 50.11 53.65 51.95 64.80 5.78 3.33 1.92 2.55 
Table 3.6 x2 results for Bear Mountain (Deep Creek) yearly comparisons. Areas of high 
preference or avoidance (a = 0.01) are highlighted in green. Those areas that are preferred or 
avoided (a = 0.05) are highlighted in yellow. 
% Observed Time X2 among Years 
2002 2002 2002 2003 2003 2004 
Buffer & & & & & & 
Area 2002 2003 2004 2005 2003 2004 2005 2004 2005 2005 
Tame 36.26 30.35 25.88 29.96 0.96 2.97 1.095 0.66 0.0050 0.64 
25 m 13.56 15.72 16.25 13.91 0.34 0.53 0.0090 0.018 0.20 0.34 
50 m 20.42 23.00 24.03 27.59 0.32 0.64 2.51 0.046 0.92 0.53 
75 m 26.15 28.46 29.83 33.59 0.21 0.52 2.12 0.066 0.92 0.47 
100 m 30.81 33.78 35.49 37.57 0.29 0.71 1.48 0.087 0.43 0.12 
125 m 34.95 38.77 40.77 41.38 0.42 0.97 1.18 0.10 0.18 0.0090 
150 m 38.67 43.07 45.75 45.23 0.50 1.30 1.12 0.17 0.11 0.0060 
175 m 42.55 47.06 50.14 48.77 0.48 1.35 0.91 0.20 0.062 0.037 
200 m 45.45 50.11 53.65 51.95 0.48 1.48 0.93 0.25 0.068 0.054 
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3.2.3 Selection or Avoidance 
Within the tame pasture areas of the Pie, positive electivity values and high % values 
were found in all four of the grazing seasons. This indicated that the cattle selected 
(preferred) to graze the cultivated fields, trails, roads, and fence lines. Even though the 
electivity indices were positive for the 25 m buffer, the data were not significant. 
Within Deep Creek, all four grazing years indicated that cattle selected to graze 
within the tame pasture areas and generally had no preference for the other buffer areas. This 
can be seen in the similarity among years for grazing in the various buffer zones. 
When comparing the two grazing areas, it appears that the two were grazed by the 
cattle in a similar way. Cattle preferred to graze the tame pasture areas. As the 25m buffer 
borders the tame pasture areas, cattle may have utilized this area more as an escape from the 
exposed environment (bugs, rain, wind) on the tame pasture zones and as corridors to travel 
to other tame pasture areas. Within the remainder of the buffer zones, cattle avoided 
spending time within each of them (avoidance behaviour). The difference between grazing 
in 2003 and 2004 and 2005 at 25 and 50 m could be due to drought conditions in 2004 and 
2005. Perhaps there was less plant re-growth throughout the year, thereby increasing the 
grazing pressure in bush pasture areas close to the tame pasture. Predator problems too, 
would cause cattle to spend more time in the bush pasture areas to protect their calves. When 
herbivores sense or encounter predators, foraging efficiency may decrease due to increased 
vigilance and corresponding lower intake in high-quality habitats (Lima and Dill, 1990). 
3.3 Cutblock Grazing 
Deep Creek pasture is 3174.54 ac, block 1 is 17.2 acres, block 2 is 19 acres, and block 
3 is 25.4 acres. Except for 2005, cattle spent most of their time in cutblock 2 and the least 
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time in cutblock 3 (Table 3.7). There was more cutblock grazing in 2004 than in any of the 
other years, possibly due to drought conditions. 
Table 3.7 Percentage of time spent by cattle within eac i of the three Deep Creek cutblocks. 
Cutblock 2002 % 2003 % 2004 % 2005 % 
1 3.17 2.76 4.81 0.58 
2 3.69 3.44 5.57 2.06 
3 1.57 1.31 4.81 2.15 
3.3.1 Electivity Index 
The electivity values were all positive for each of the grazing years and cutblocks 
(Table 3.8). 
Table 3.8 Electivity results for Deep Creek cutblocks grazing years versus the landscape. 
Areas of preference are highlighted in green. 
Cutblock 
Number 
% Observed % 
Land 
Electivity 
2002 2003 2004 2005 2002 2003 2004 2005 
1 3.17 2.76 4.81 0.58 0.54 0.71 0.67 b.8d 3.037] 
2 3.69 3.44 5.57 2.06 0.60 0.72 0.7d b.81 0.55 
3 1.57 1.31 4.81 2.15 0.80 0.33 M p.72| 0.46 
3.3.2 x2 
In 2005, none of the blocks were significantly selected for. In 2004, all blocks were 
selected for (Table 3.9). Blocks 1 and 2 were selected for in 2002 and 2003 while block 3 
was not. The usage of the cutblocks was similar among blocks and years except for block 3 
between 2004 and 2002 and 2003 (Table 3.10). This was the result of more time spent in 
block 3 in 2004. 
Except for cutblock 3, there was no difference in the amount of time spent in the 
blocks among the years (Table 3.10). Cattle spent more time in 3 in 2004 compared to the 
other years. Again, this could be related to the dry weather conditions. 
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Table 3.9 x2 results for Deep Creek cutblocks grazing years versus the landscape. Areas of 
high preference or avoidance (a = 0.01) are highlighted in green. Those areas that are 
preferred or avoided (a = 0.05) are highlighted in yellow. 
Cutblock 
Number 
% Observed Time 
% Land 
X2 among Years 
2002 2003 2004 2005 2002 2003 2004 2005 
1 3.17 2.76 4.81 0.58 0.54 12.85 9.09 33.70 0.0030 
2 3.69 3.44 5.57 2.06 0.60 15.88 13.4C 41.15 3.55 
3 1.57 1.31 4.81 2.15 0.80 0.74 0.33 20.06 2.28 
Table 3.10 x2 results for Deep Creek cutblocks comparing grazing years. Areas of high 
preference or avoidance (a = 0.01) are highlighted in green. Those areas that are preferred or 
Cutblock 
Number 2002 2003 2004 2005 
2002 
vs 
2003 
2002 
vs 
2004 
2002 
vs 
2005 
2003 
vs 
2004 
2003 
vs 
2005 
2004 
vs 
2005 
1 3.17 2.76 4.81 0.58 0.055 0.84 2.12 1.53 1.72 3.71 
2 3.69 3.44 5.57 2.06 0.017 0.96 0.72 1.33 0.55 2.21 
3 1.57 1.31 4.81 2.15 0.043 ^.66 0.21 9.33| 0.54 1.47 
3.3.3 Selection or Avoidance 
The cows generally spent significantly more time in the cutblocks than was warranted 
based on their area (preferential) but there was variability among the years. Cutblock 3 was 
the furthest south and the furthest away from the cultivated fields between cutblocks 1 and 2 
(Appendix A section 3). Also, cutblock 1 was adjacent to a road that allowed access to it. 
While cutblock 2 has a grass seeded logging road and landing that runs part way into it. This 
allows partial access to the internal portion of the cutblock and there was increased forage 
due to the grass seeding. 
When the cattle discovered the available forage and easy access to block 3, they then 
began to spend more time consuming the forage. By 2004, and in 2005, results indicate less 
time spent in the blocks, perhaps due to the fact that cattle were unable to graze the cutblocks 
effectively due to re-generation of aspen trees. 
The increase in cutblock use in 2004 could have been due to drought resulting in a 
possible lack of available forage within the tame pasture areas. In comparing the grazing 
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years between cutblocks, block 3 was the only one to be grazed differently through the years. 
This was due to increased usage in 2004. In drought conditions, when pastures dry up, cattle 
often investigate other sources of feed or water causing them to travel greater distances in 
some cases (Farm Animal Council of Saskatchewan Inc. 2009). 
3.4 Visual Assessment 
3.4.1 Bear Mountain (Pie) 
In analyzing the cow collar points in Appendix A section 1, the differences between 
the cow collar point patterns were small. It appeared that the cattle chose the same areas to 
graze each year. 
In 2004, however, the road and trails along the northwest corner of the area were not 
used by the collared cattle, when in previous and subsequent years; this travel route did have 
collar points along it. This could have been due to pressure from riders to keep cattle out of 
that area or other users laying out additional harvest blocks in the area. Perhaps too due to 
the drought conditions in 2004, the water sources were unavailable for the cattle and forced 
them to graze elsewhere. 
3.4.2 Bear Mountain (Deep Creek) 
Within Deep Creek, the collared cattle chose to graze different access routes each 
year (Appendix A section 2). In 2002, the northern east to west trail was not utilized on the 
west end. The 2003 grazing season had collar points the most evenly spread across the 
whole area. Again in 2005, the cattle did not show any collar points at the east end of the 
two northern east-west traveling access routes. The remainders of the access routes were 
used within each of the grazing seasons. There did not appear to be any new areas that were 
opened up throughout the study area, as the collar points were not found in new areas. 
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In viewing the usage of cutblocks 1 and 2 throughout the study years, the cattle 
congregated mostly along the trails and landings within each of the cutblocks (Appendix A 
section 3). By 2005, there was fewer collar points compared to the previous three years. 
This could again be due to the increased amount of aspen suckers and the inability of the 
cattle to maneuver through the cutblocks. The access routes remained open and the cattle 
appeared to be grazing along the easily accessible areas throughout the blocks, but the ease of 
passing through the cutblock itself was limited. 
Cutblock use in block 3 appeared to increase with time. A reason for this change 
could be drawn from the idea of cattle being habitual grazers (Kirby and Stuth 1982). It may 
be reasonable to assume that cattle did not utilize this area prior to logging. Once the cattle 
discovered the ease of access and increase in forage production following logging activity in 
2002, they then utilized this area again the following year. 
In overview, although different parts of the grazing area were grazed each year, the 
cattle still remained within the tame pasture areas at a high frequency suggesting a high 
grazing selectivity. 
3.5 Bear Mountain Discussion 
Cattle spent more than 49% and 26% of their time respectively on tame pasture in the 
Pie and Deep Creek areas while at the landscape level tame pasture accounts for less than 5% 
of the area. Clearly the cattle were demonstrating grazing preference. This was further 
supported by the high grazing fidelity among the four seasons. Due to seasonal changes, 
primary preference for forage may have changed due to changes in the palatability and 
nutritional quality of forage (e.g. grasslands can dry out mid to late summer while forage in 
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forests areas will retain moisture longer) (Heady 1964) or changing livestock needs (e.g. 
nutritional, shelter, pest avoidance, etc.) (Kirby and Stuth 1982, Marlow and Pogacnik 1986). 
In terms of impact of resource development on cattle grazing and distribution 
patterns, the BM data showed that tame pasture areas, roads, trails, fence lines, and other 
access routes were most commonly utilized by cattle and the use away from these lines 
decreased the further the cattle got from the easily accessible areas. Cattle were searching for 
high quality and easily accessible forage if access was extensive, livestock use of the area 
was probable (Rangeland Management Branch 2009). Conversely, if access was restricted, 
less livestock use of the area was likely to occur (Lane and Willoughby, 2004). Trail 
development helped distribute livestock throughout the rangeland by opening up access to 
previously unused or underutilized areas (Rangeland Management Branch 2009). 
With increased oil and gas activity in the PR Region, it would seem reasonable that 
seismic lines and new roads would offer a potential new grazing opportunity for cattle. This 
could have resulted in distribution patterns in less desirable areas for cattle movement. 
Logging activity may have also had the same affect by creation of roads and landings. 
3.6 Conclusion 
3.6.1 Bear Mountain 
The Electivity Index has shown that cattle preferred the tame pasture and avoided the 
unimproved pasture areas, particularly as the distance from tame increased. Generally, the 
preference was only significant for the tame pasture. The higher use areas may have been 
selected for numerous reasons including forage type, proximity to water, easy access, insect 
protection, predator avoidance, shade, thermal cover, topography, and aspect (Rangeland 
Management Branch 2009). Livestock were attracted to tame pasture areas. In the absence 
of proper management, they may have tended to graze these areas to the exclusion of all 
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other native plant areas until the tame forage resource was consumed (Pitt et al. 1998, Hincz 
2007). The data showed that the greatest change in the time spent was between the tame 
pasture zone and the 25 m buffer zone. Usually the usage in the 25 buffer was not 
significant. The cattle were likely there as they were passing through it, moving from tame 
pasture to tame pasture. 
Within the Pie, there was a significant avoidance of the buffer areas based on 
Electivity Index and % . Though Electivity Index showed preference or avoidance behaviour, 
without the % test, there was no way to tell if the behavioural response was significant. This 
behaviour was replicated over the four years demonstrating high grazing fidelity. Some of 
the possible reasons for the observed fidelity were that livestock are attracted to tame pasture, 
and in many natural regions, will in the absence of active management, graze these areas to 
the exclusion of all other plant communities until the tame forage resource was depleted 
(Hincz 2007, Pitt et al. 1998). There were some significant differences in usage between 
2003 and the years following it. Primarily, 2003 usage was low and 2004 and 2005 usage 
was high. This could have occurred because the east tame pasture field in Deep Creek was 
rejuvenated in 2002, with a breaking disk and a broadcast seeder affording little forage 
opportunities in the 2003 grazing season. Rejuvenation is any treatment imposed on hay or 
pastures to increase dry matter productivity of that land or cause a shift towards higher 
yielding and more nutritious forage species (Kirychuk et al. 2002). However, the 
implications of this treatment were that rough land may have hindered livestock, and in the 
year of treatment, may have decreased production (Kirychuck et al. 2002). 
Similar to the Pie region of BM, the cattle selected to graze in Deep Creek primarily 
within the tame pasture areas and decreased their grazing time in the buffer zones extending 
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2 out towards the 200 m zone. In comparing the electivity indices with the x test, there were 
some differences yet they complement each other. For select years, the cattle preferred to 
graze up to the 75 m buffer zone yet at the same time, grazed the area by chance based on the 
landscape. When primary range areas are depleted, cattle will move to their secondary 
ranges (Squires 1982). 
Cattle patterns show that the cattle graze the Deep Creek portion of the BM 
community pasture the same each year. Though some of the buffer zones may see higher 
pressure between years, it was not statistically significant to suggest otherwise. 
3.6.2 Bear Mountain (Cutblock) 
Due to the lack of grazing information within the areas of the cutblocks prior to the 
logging, it was very difficult to conclusively state why the cattle were grazing the areas the 
way they were. This conclusion was also hard to make because young aspen stand dynamics 
change so rapidly in the first five to ten years following harvest. However, if stocking rate 
calculations were based on the forage production in the mature stand prior to harvest then 
grazing and timber harvesting objectives in deciduous forests can be compatible (Lane 1998). 
Deciduous suckers achieve the highest level of palatability and therefore susceptibility to 
grazing in June of the first year following logging (Alexander 1995; Dockrill 2001). 
Cattle usage peaked in all the blocks in 2004. This likely occurred because of a 
drought in the PR that year, causing the tame pasture resource to be consumed more quickly. 
This was consistent with observations of Hincz (2007): once forage is depleted within the 
preferred communities, or if the cutblock is in close proximity to preferred communities, the 
cattle will choose to graze within the cutblock. It appeared that usage of block 3 increased 
over the study period, while use of the other blocks may have been declining. Increased use 
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of block 3 may have indicated learning behavior by the cattle (Sowell et al. 1999). This 
block was furthest from the tame pasture and once found, more and more cattle may have 
visited each year. Grazing distribution is, in part, a learned response (Sowell et al. 1999). 
The usage in blocks 1 and 2 could be diminishing because access becomes more difficult 
with age (harvested February 2002) (Forest Tenure Administration). Cattle usage of the 
three blocks suggested that the cattle were selecting where to graze and that they may 
'discover' new preferred grazing areas. Although, if there were other community types 
available that were preferred above regenerating deciduous communities cattle would be 
unlikely to use cutblock areas (Hincz 2007). 
4.0 GROUNDBIRCH RESULTS 
4.1 Groundbirch (Elliot's Creek) 
4.1.1 Electivity Index 
Appendix A section 2 shows the GPS points for each of the grazing years. The 
electivity index values at Elliot's Creek gave a positive value up to the 50 m buffer zone 
(Table 4.1). In 2004, this increased to 75 m. In 2005 it increased to 150 m, albeit a weak 
relationship. The response for 2004 and 2005 appeared to be different from the first two 
seasons. 
Table 4.1 Electivity results for Groundbirch (Elliot's Creek) 2002, 2003, 2004 & 2005. Areas of 
preference are highlighted in green. 
Buffer Area 
% Observed % 
Land 
Electivity 
2002 2003 2004 2005 2002 2003 2004 2005 
Tame 36.97 37.91 31.14 19.50 0.70 D.96 |0.96| D.96 0.93 
25 m 21.58 22.33 24.39 22.65 14.10 0.21 M 0.27 0.23 50 m 29.24 29.83 33.04 37.46 26.50 0.049| 0.059 0.11 0.17 
75 m 34.30 34.36 38.84 49.99 37.80 -0.049 -0.048 ).014 0.14 
100 m 37.86 37.89 43.16 55.45 48.00 -0.12 -0.12 -0.053 3.072T 
125 m 41.38 41.42 47.47 61.63 56.80 -0.16 -0.16 -0.089 3.041 
150 m 45.00 45.40 51.54 66.21 64.40 -0.18 -0.17 -0.11 3.0141 
175 m 48.40 49.16 55.11 69.39 71.00 -0.19 -0.18 -0.13 -0.011 
200 m 51.52 52.08 58.51 72.74 76.60 -0.20 -0.19 -0.13 -0.026 
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4.1.2 x2 
Cattle foraged within 25 m of the tame pasture in all years (Table 4.2). In 2005, they 
elected to forage up to 50 m away from the tame pasture. During the first two years of the 
study, the cattle avoided buffer zones greater than 125 m away from the tame pasture. In 
2004, they only avoided the furthest buffer zone and in 2005, they displayed no avoidance 
behaviour. 
Annual differences were shown between 2005 and all of the previous grazing years 
(Table 4.3). The other annual comparisons were not significant. Possible reasons for the 
grazing difference in 2005 could be due to drought conditions throughout the PR. This 
would be consistent with findings at Bear Mountain. 
Table 4.2 x2 results for Groundbirch (Elliot's Creek) grazing years versus the landscape. Areas of 
high preference or avoidance (a = 0.01) are highlighted in green. Those areas that are preferred or 
avoided (a = 0.05) are highlighted in yellow. 
Buffer 
Area 
% Observed % Land 
1 b/n Year versus Landscape 
2002 2003 2004 2005 2002 2003 2004 2005 
Tame 36.97 37.91 31.14 19.50 0.70 1879.17 1977.87 1323.62 505.08 
25 m 21.58 22.33 24.39 22.65 14.10 3.96 4.80 7.51 5.18 
50 m 29.24 29.83 33.04 37.46 26.50 0.28 0.42 1.61 4.54 
75 m 34.30 34.36 38.84 49.99 37.80 0.32 0.31 0.028 3.93 
100 m 37.86 37.89 43.16 55.45 48.00 2.14 2.13 0.49 1.16 
125 m 41.38 41.42 47.47 61.63 56.80 4.19 4.17 1.53 0.41 
150 m 45.00 45.40 51.54 66.21 64.40 5.85 5.61 2.57 0.051 
175 m 48.40 49.16 55.11 69.39 71.00 7.20| (6.72 3.56 0.037 
200 m 51.52 52.08 58.51 72.74 76.60 |8.21 7.85 4.27 0.20 
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Table 4.3 x results for Groundbirch (Elliot's Creek) yearly comparisons. Areas of high preference or 
avoidance (a = 0.01) are highlighted in green. Those areas that are preferred or avoided (a = 0.05) 
are highlighted in yellow. 
Buffer Area 
% Observed among Years 
2002 2003 2004 2005 
2002 & 
2003 
2002 & 
2004 
2002 & 
2005 
2003 & 
2004 
2003 & 
2005 
2004 & 
2005 
Tame Pasture 36.97 37.91 31.14 19.50 0.024 0.92 K.25 1.21 8.94 4.35 
25 m 21.58 22.33 24.39 22.65 0.026 0.37 0.053 0.19 0.0050 0.12 
50 m 29.24 29.83 33.04 37.46 0.012 0.49 2.31 0.35 1.95 0.59 
75 m 34.30 34.36 38.84 49.99 0.000 0.60 7.17 0.58 7.11 3.20 
100 m 37.86 37.89 43.16 55.45 0.000 0.74 K.18 0.73 8.14 3.50 
125 m 41.38 41.42 47.47 61.63 0.000 0.90 9.91 0.88 9.86 4.22 
150 m 45.00 45.40 51.54 66.21 0.003 0.95 10.00 0.83 9.55 4.18 
175 m 48.40 49.16 55.11 69.39 0.012 0.93 9.1C 0.72 8.32 3.70 
200 m 51.52 52.08 58.51 72.74 0.006 0.95 (8.74 0.79 8.19 3.46 
4.2 Groundbirch (Bluebell) 
4.2.1 Electivity Index 
The electivity index in Bluebell was highest in the tame pasture area, decreased 
markedly at the 25 m buffer zone, and then was 0 or negative as the buffer zones extended 
out towards 200 m from the 50 m buffer zone (Table 4.4). 
Table 4.4 Electivity results for Groundbirch (Bluebell) 2002, 2003, 2004 & 2005. Areas of 
preference are highlighted in green. 
Buffer 
Area 
% Observed % Land 
Electivity Index 
2002 2003 2004 2005 2002 2003 2004 2005 
Tame 47.23 37.74 51.02 52.14 5.43 0.79j 0.751 b.8i 0.81 
25 m 16.28 16.16 15.89 13.69 12.66 0.13 0.13 b.ii 0.03S 
50 m 23.38 24.46 23.41 19.19 24.11 -0.015 0.0070 -0.015 -0.14 
75 m 28.59 30.22 27.49 22.84 34.36 -0.092 -0.064 -0.11 -0.20 
100 m 32.79 35.52 31.61 26.27 43.56 -0.14 -0.10 -0.16 -0.25 
125 m 36.82 39.93 34.64 29.09 50.29 -0.16 -0.12 -0.18 -0.27 
150 m 39.82 43.79 37.42 32.30 56.42 -0.17 -0.13 -0.20 -0.27 
175 m 42.03 47.11 39.61 35.22 62.24 -0.19 -0.14 -0.22 -0.28 
200 m 44.21 49.95 41.28 37.38 67.79 -0.21 -0.15 -0.24 -0.29 
4.2.2 x2 
In all years, tame pasture was preferentially grazed (Table 4.5). For all buffer 
distances, there either was no preference or they were avoided. Significant avoidance of 
buffer distances varied by years, but in 2005, all distances beyond the 50 m buffer were 
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avoided. This could have been due to the increase in moisture in 2005 resulting in little 
access to wetter areas. 
There was no difference in grazing patterns among the years, except for that observed 
for tame pasture between 2003 to 2004 and 2003 to 2005 (Table 4.6). A possible reason for 
the observed annual difference may have been due to the differences in the yearly weather 
patterns. Overall, the results for the Bluebell suggested the cattle grazed in a similar manner 
for all four seasons. 
Table 4.5 x2 results for Groundbirch (Bluebell) grazing years versus the landscape. Areas of high 
preference or avoidance (a = 0.01) are highlighted in green. Those areas that are preferred or avoided 
(a = 0.05) are highlighted in yellow. 
Buffer 
Area 
% Observed % Land 
x2 
2002 2003 2004 2005 2002 2003 2004 2005 
Tame 47.23 37.74 51.02 52.14 5.43 021.991 192.34 382.9: I ^01.9^ 
25 m 16.28 16.16 15.89 13.69 12.66 1.032 0.96 0.82 0.08 
50 m 23.38 24.46 23.41 19.19 24.11 0.022 0.0050 0.020 1.00 
75 m 28.59 30.22 27.49 22.84 34.36 0.97 0.50 1.37 3.86 
100 m 32.79 35.52 31.61 26.27 43.56 2.66 1.48 3.28 fe.86 
125 m 36.82 39.93 34.64 29.09 50.29 3.61 2.14 4.87 [8.94 
150 m 39.82 43.79 37.42 32.30 56.42 4.88 2.83 6.40 10.31 
175 m 42.03 47.11 39.61 35.22 62.24 6.56 3.68 (8.23 11.73 
200 m 44.21 49.95 41.28 37.38 67.79 8.20 4.70 10.37 13.64 
Table 4.6 x2 results for Groundbirch (Bluebell) yearly comparisons. Areas of high preference or 
avoidance (a = 0.01) are highlighted in green. Those areas that are preferred or avoided (a = 0.05) 
are highlighted in yellow. 
% Observed y2 among Years 
2002 2002 2002 2003 2003 2004 
Buffer & & & & & & 
Area 2002 2003 2004 2005 2003 2004 2005 2004 2005 2005 
Tame 47.23 37.74 51.02 52.14 1.91 0.30 0.51 4.67 5.50 0.025 
25 m 16.28 16.16 15.89 13.69 0.0010 0.0090 0.41 0.0040 0.38 0.30 
50 m 23.38 24.46 23.41 19.19 0.050 0.000 0.75 0.045 1.14 0.76 
75 m 28.59 30.22 27.49 22.84 0.094 0.042 1.16 0.25 1.80 0.79 
100 m 32.79 35.52 31.61 26.27 0.23 0.043 1.30 0.43 2.41 0.90 
125 m 36.82 39.93 34.64 29.09 0.26 0.13 1.63 0.70 2.94 0.89 
150 m 39.82 43.79 37.42 32.30 0.40 0.15 1.42 0.93 3.02 0.70 
175 m 42.03 47.11 39.61 35.22 0.61 0.14 1.10 1.19 3.00 0.49 
200 m 44.21 49.95 41.28 37.38 0.74 0.20 1.06 1.51 3.16 0.37 
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4.2.3 Selection or Avoidance 
In Elliot's Creek of GB, the cattle preferred to be within 25 m of the tame pasture. 
However, in some years, the preference extended out to 150 m, but generally the selective 
response was weak beyond 50 m. 
According to the electivity index, the grazing trends within Bluebell indicated that 
cattle were selecting to graze within 25 m of the tame pasture. Generally, avoidance was 
occurring at distances greater than 25 m. This was consistent with the results of x2-
However, the avoidance of these areas did not occur until 75 m, for some grazing years. 
The two grazing areas differed in the amount of tame forage available. Within 
Elliot's Creek, there was 0.7% tame forage as compared to 5.428% in the Bluebell. This 
explained the grazing differences within the two areas. In Elliot's Creek, the preference for 
grazing areas, utilizing both Electivity Index and x , extended into the 25 m zone in all four 
grazing years. Further, for 2004 to 2005 as compared to the tame pasture in Bluebell. 
When comparing the grazing years, it was apparent that there were significant 
differences between 2005 and the previous grazing seasons within Elliot's Creek. Except for 
two values within Bluebell, the remainder of the buffer zones within each of the pasture areas 
was grazed alike each year. Because there was very little tame forage within the Elliot's 
Creek pasture, the cattle relied on the native forage species within the treed areas. Likely 
related to drought conditions in 2005, the cattle appeared to have spent less time on the tame 
and 25 m zones and more time on further buffer zones. 
4.3 Groundbirch Cutblock Grazing 
4.3.1 Elliot's Creek 
There were nineteen cutblocks in the Elliot's Creek area of GB community pasture 
and 4 cutblocks in the Bluebell area. The total acres in Elliot's creek pasture were 3174.54 
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acres. Grazing of cutblocks was variable by and among years (Table 4.7). Thirteen 
cutblocks were grazed in 2004, 12 in both 2002 and 2003. The 2005 collar results were very 
poor in Elliot's Creek and therefore were not utilized in the analysis of the cutblocks. 
Table 4.7 Percentage of time spent within each of the nineteen cutblocks in Groundbirch (Elliot's 
Creek). 
Cutblock % of Landscape 2002% 2003% 2004% 
1 0.54 0 . 0 0 0 . 0 0 1 . 9 1 
2 0.60 0 . 2 1 0 . 8 9 1 . 4 6 
3 0.80 0 . 0 0 1 . 0 4 0 . 2 6 
4 0.87 0 . 1 3 0 . 6 9 0 . 5 7 
5 0.59 2 . 6 4 7 . 6 8 2 . 5 2 
6 1.96 0 . 0 0 0 . 1 6 0 . 2 3 
7 0.054 0 . 0 0 0 . 0 4 0 . 0 3 
8 0.52 0 . 1 6 0 . 0 5 0 . 1 8 
9 0.38 0 . 4 3 0 . 5 8 1 . 5 7 
10 1.43 0 . 0 1 0 . 1 3 0 . 0 0 
11 0.88 0 . 0 0 0 . 0 0 0 . 0 0 
12 1.39 3 . 2 2 1 . 6 7 1 . 5 1 
13 0.54 3 . 6 2 2 . 3 9 2 . 8 8 
14 1.20 3 . 1 4 2 . 9 2 0 . 1 4 
15 1.04 0 . 1 3 0 . 0 1 0 . 0 0 
16 1.82 0 . 0 1 0 . 0 0 0 . 0 0 
17 1.74 0 . 0 0 0 . 0 0 0 . 0 0 
18 4.88 0 . 0 1 0 . 0 0 0 . 0 0 
19 1.50 0 . 0 0 0 . 5 3 0 . 9 0 
4.3.1.1 Electivity Index 
Within Elliot's Creek, cattle showed consistent preference for cutblocks 5, 9, 12, and 
13 within 2002, 2003, and 2004 (Table 4.8). Cutblocks 1, 2, 3, and 14 were preferred at least 
one out of the three years. 
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Table 4.8 Electivity index for Groundbirch (Elliot's Creek) cutblock time spent versus the landscape. 
Preferred values are highlighted in green. 
Cutblock 
% Observec % Land Electivity Index 
2002 2003 2004 2002 2003 2004 
1 0.00 0.00 1 . 9 1 0.54 - 1 . 0 - 1 . 0 0 . 5 6 
2 0 . 2 1 0 . 8 9 1 . 4 6 0.60 - 0 . 4 8 0 . 1 8 T 0 . 4 2 
3 0.00 1 . 0 4 0 . 2 6 0.80 - 1 . 0 o . d - 0 . 5 1 
4 0 . 1 3 0 . 6 9 0 . 5 7 0.87 - 0 . 7 4 - 0 . 1 2 - 0 . 2 1 
5 2 . 6 4 7 . 6 8 2 . 5 2 0.59 0 . 6 3 p.86 0 . 6 2 
6 0.00 0 . 1 6 0 . 2 3 1.96 - 1 . 0 - 0 . 8 5 - 0 . 7 9 
7 0 . 0 0 0 . 0 4 0 . 0 3 0.054 - 1 . 0 - 0 . 1 5 - 0 . 2 9 
8 0 . 1 6 0 . 0 5 0 . 1 8 0.52 - 0 . 5 3 - 0 . 8 2 - 0 . 4 8 
9 0 . 4 3 0 . 5 8 1 . 5 7 0.38 3.06(2 0 . 2 1 0 . 6 1 
10 0 . 0 1 0 . 1 3 0 . 0 0 1.43 - 0 . 9 9 - 0 . 8 3 - 1 . 0 
11 0 . 0 0 0 . 0 0 0 . 0 0 0.88 - 1 . 0 - 1 . 0 - 1 . 0 
12 3 . 2 2 1 . 6 7 1 . 5 1 1.39 o . 4 q |0 .09( P .04C 
13 3 . 6 2 2 . 3 9 2 . 8 8 0.54 0 . 7 4 0 . 6 3 
14 3 . 1 4 2 . 9 2 0 . 1 4 1.20 0 .45 | 0 . 4 2 - 0 . 7 9 
15 0 . 1 3 0 . 0 1 0 . 0 0 1.04 - 0 . 7 8 - 0 . 9 8 - 1 . 0 
16 0 . 0 1 0 . 0 0 0 . 0 0 1.82 - 0 . 9 9 - 1 . 0 - 1 . 0 
17 0 . 0 0 0 . 0 0 0 . 0 0 1.74 - 1 . 0 - 1 . 0 - 1 . 0 
18 0 . 0 1 0 . 0 0 0 . 0 0 4.88 - 1 . 0 - 1 . 0 - 1 . 0 
19 0 . 0 0 0 . 5 3 0 . 9 0 1.5 - 1 . 0 - 0 . 4 8 - 0 . 2 5 
4.3.1.2 x2 
Cutblock 5 was the only cutblock to show grazing preference amongst the 19 blocks. 
Cutblocks 17 and 18 showed strong avoidance (Table 4.9). 
When comparing the grazing years to one another using x » there were several not 
applicable (n/a) symbols because the expected value was 0 % and a value could not be 
divided by a zero value (Table 4.10). Only two blocks showed annual variation in grazing: 1 
for 2002 to 2004, and 5 for 2002 to 2003. Overall, the amount of grazing was quite low on 
most of the blocks, so the result was not unexpected. 
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Table 4.9 x2 data for Groundbirch (Elliot's Creek) cutblocks compared to the landscape. Areas of 
high preference or avoidance (a = 0.01) are highlighted in green. Those areas that are preferred or 
avoided (a = 0.05) are highlighted in yellow. 
Cutblock 
% Observed % Land 
2002 2003 2004 2002 2003 2004 
1 0.00 0.00 1.91 0.54 0.54 0.54 3.48 
2 0.21 0.89 1.46 0.60 0.25 0.14 1.23 
3 0.00 1.04 0.26 0.80 0.80 0.072 0.37 
4 0.13 0.69 0.57 0.87 0.63 0.038 0.10 
5 2.64 7.68 2.52 0.59 7.05 |84.53 6.25 
6 0.00 0.16 0.23 1.96 1.96 1.65 1.53 
7 0.00 0.04 0.03 0.054 0.054 0.0038 0.011 
8 0.16 0.05 0.18 0.52 0.25 0.42 0.22 
9 0.43 0.58 1.57 0.38 0.0066 0.11 3.73 
10 0.01 0.13 0.00 1.43 1.41 1.18 1.43 
11 0.00 0.00 0.00 0.88 0.88 0.88 0.88 
12 3.22 1.67 1.51 1.39 2.39 0.055 0.0097 
13 3.62 2.39 2.88 0.54 17.57 6.34 10.14 
14 3.14 2.92 0.14 1.20 3.14 2.47 0.94 
15 0.13 0.01 0.00 1.04 0.79 1.015 1.04 
16 0.01 0.00 0.00 1.82 1.80 1.82 1.82 
17 0.00 0.00 0.00 1.74 1.74 1.74 1.74 
18 0.01 0.00 0.00 4.88 4.86 4.88 4.88 
19 0.00 0.53 0.90 1.50 1.50 0.63 0.24 
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Table 4.10 yj data for Groundbirch (Elliot's Creek) cutblocks comparing grazing years. Areas of high 
preference or avoidance (a = 0.01) are highlighted in green. Those areas that are preferred or avoided 
(a = 0.05) are highlighted in yellow. 
Cutblock 
% Observed I among years 
2002 2003 2004 2002 vs 2003 2002 vs 2004 2003 vs 2004 
1 0.00 0.00 1.91 n/a n/a n/a 
2 0.21 0.89 1.46 2.20 7.44 0.37 
3 0.00 1.04 0.26 n/a n/a 0.59 
4 0.13 0.69 0.57 2.41 1.49 0.021 
5 2.64 7.68 2.52 M 0.0055 3.47 
6 0.00 0.16 0.23 n/a n/a 0.031 
7 0.00 0.04 0.03 n/a n/a 0.0025 
8 0.16 0.05 0.18 0.076 0.0025 0.34 
9 0.43 0.58 1.57 0.052 3.022 1.69 
10 0.01 0.13 0.00 1.44 0.010 0.13 
11 0.00 0.00 0.00 n/a n/a n/a 
12 3.22 1.67 1.51 0.75 0.91 0.015 
13 3.62 2.39 2.88 0.42 0.15 0.10 
14 3.14 2.92 0.14 0.015 2.87 2.65 
15 0.13 0.01 0.00 0.11 0.13 0.010 
16 0.01 0.00 0.00 0.010 0.010 n/a 
17 0.00 0.00 0.00 n/a n/a n/a 
18 0.01 0.00 0.00 0.010 0.010 n/a 
19 0.00 0.53 0.90 n/a n/a 0.26 
4.3.2 Bluebell 
There were four cutblocks in the Bluebell area of GB community pasture (Table 
4.11). The total acres in Bluebell pasture were 1722.94 acres (697.55 hectares), cutblock 1 
was 55.32 ac/22.4 ha (3.21% of total area), cutblock 2 was 100.15 ac/40.6 ha (5.81%), 
cutblock 3 was 30.11 ac/ 12.19 ha (1.75%), and cutblock 4 was 53.59 ac/21.70 ha (3.11%). 
Other than block 4, the cattle did not appear to spend inordinate amounts of time in the other 
blocks. 
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Table 4.11 Percentage of time spent within each of the four cutblocks in Groundbirch (Bluebell). 
Cutblock % of Landscape 2002% 2003% 2004% 2005% 
1 3.21 2 . 5 2 3 . 5 0 2 . 0 7 4 . 2 6 
2 5.81 3 . 4 0 9 . 4 2 3 . 2 7 5 . 1 5 
3 1.75 0 . 5 5 0 . 6 2 0 . 2 9 0 . 3 0 
4 3.11 2 4 . 9 3 0 . 4 3 2 3 . 4 1 1 7 . 5 7 
4.3.2.1 Electivity Index 
The electivity indicated that cattle consistently preferred block 4 and consistently 
avoided block 3. Blocks 1 and 2 displayed varying behaviour responses (Table 4.12). 
Cutblock 
% Observed % Land Electivity Index 2002 2003 2004 2005 2002 2003 2004 2005 
1 2 . 5 2 3 . 5 0 2 . 0 7 4 . 2 6 3 . 2 1 - 0 . 1 2 3 .042 - 0 . 2 2 0 . 1 4 
2 3 . 4 0 9 . 4 2 3 . 2 7 5 . 1 5 5 . 8 1 - 0 . 2 6 0 . 2 4 - 0 . 2 8 - 0 . 0 6 0 
3 0 . 5 5 0 . 6 2 0 . 2 9 0 . 3 0 1 . 7 5 - 0 . 5 2 - 0 . 4 8 - 0 . 7 2 - 0 . 7 1 
4 2 4 . 9 0 3 0 . 4 3 2 3 . 4 1 1 7 . 5 7 3 . 1 1 0 . 8 2 0.77) 0.7C 
4.3.2.2 x2 
Cutblock 4 was selected for grazing in each year while there was no significant attraction or 
avoidance grazing behaviours displayed by the cattle for the other three cutblocks when 
using x2 (Table 4.13). 
Grazing in cutblock 2 increased significantly between 2002 and 2003 and then 
decreased significantly between 2003 and 2004. In cutblock 4, it decreased significantly 
between 2003 and 2005 (Table 4.14). Otherwise, there were no grazing differences among 
the years on the cutblocks. 
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Table 4.13 data for Groundbirch (Bluebell) cutblocks time spent versus the landscape. Areas of 
high preference or avoidance (a = 0.01) are highlighted in green. Those areas that are preferred or 
avoided (a = 0.05) are highlighted in yellow. 
Cutblock 
% Observed % Land z
2 
2002 2003 2004 2005 2002 2003 2004 2005 
1 2.52 3.50 2.07 4.26 3.21 0.15 0.026 0.41 0.34 
2 3.40 9.42 3.27 5.15 5.81 1.00 2.24 1.11 0.076 
3 0.55 0.62 0.29 0.30 1.75 0.82 0.73 1.22 1.20 
4 24.90 30.43 23.41 17.57 3.11 152.67 239.99 132.51 67.23 
Table 4.14 % data for Groundbirch (Bluebell) cutblocks comparing grazing years. Areas of high 
preference or avoidance (a = 0.01) are highlighted in green. Those areas that are preferred or avoided 
(a - 0.05) are highlighted in yellow. 
Cutblock 
% Observed » 
2002 2003 2004 2005 
2002 
vs 
2003 
2002 
vs 
2004 
2002 
vs 
2005 
2003 
vs 
2004 
2003 
vs 
2005 
2004 vs 
2005 
1 2.52 3.50 2.07 4.26 0.38 0.080 1.20 0.58 0.17 2.32 
2 3.40 9.42 3.27 5.15 10.66 0.0050 0.90 4.02 1.94 1.08 
3 0.55 0.62 0.29 0.30 0.0090 0.12 0.11 0.18 0.17 0.00030 
4 24.90 30.43 23.41 17.57 1.23 0.089 2.16 1.62 5.44 1.46 
4.3.3 Selection or Avoidance 
For the most part, the cattle were not selecting to graze cutblocks in Elliot's Creek 
based on the previous year's grazing habits. Where there were significant inter - year 
differences, selective grazing was likely being observed. 
All four cutblocks within the GB (Bluebell) pasture area were grazed differently. 
Cutblock 4 was selected to be grazed each year. Cutblock 3 was avoided each year. This 
could be a result of the minimal percentage (1.4%) of landscape that the cutblock 
encompassed. Cutblocks 1 and 2 had varying behaviour responses as to when it was selected 
to be grazed. Cutblock 4 in Bluebell was the one grazed preferentially in all years through 
the cattle did show some preferences for blocks 1 and 2. The greatest preference for block 2 
was in 2003 and it was 2005 for block 1. 
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4.4 Visual Assessments 
4.4.1 Groundbirch (Elliot's Creek) 
Using Figures B.l to B.6 in Appendix B, the GPS cow collar points throughout the 
multiple grazing seasons are shown. Figure B.l shows the travel patterns in 2002. The cattle 
chose to graze fairly close to the mainline in the centre of the area and travel slightly east 
along the road and west for water. 
The travel patterns are quite different in 2003, with the mainline still showing the 
highest accumulation of cow collar points. However, the collared cows appeared to have 
traveled more into the bush on the east side of the area using more of the established travel 
routes. As well, the cattle points followed the same creek draw as in 2002, but to a lesser 
degree. Points were also found along the boundary area on the southwest side of the 
cutblock. 
For 2004, data showed the cattle traveling along the road east more frequently than 
the previous years. This road had been upgraded to a more open travel route for vehicle 
usage, thus creating more openings for cattle to utilize and travel along. In addition to the 
improved access, oil and gas activity throughout the east side of the Elliot's Creek area 
allowed the collared cattle to move into those areas and thus spend more time there, thus 
reiterating the idea extensive access creates potential areas for cattle to graze (Rangeland 
Management Branch 2009). This new access road and well site accesses have helped to 
distribute livestock further into these underutilized areas. 
4.4.2 Groundbirch (Bluebell) 
The Bluebell region of GB was quite small and is enclosed by fences and steep 
walled natural barriers. As such, the cattle seemed to utilize the whole area across each of 
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the grazing years. There were no real apparent differences between the cattle patterns in 
observing Appendix B Figures B.l to B.6. 
4.5 Discussion 
The landscape across GB was composed of mature spruce and pine stands, black 
spruce areas, creek draws and ravines, steep river banks, and major roadways created for 
logging truck accessibility. The boundaries were not exclusively created with fence lines, as 
natural barriers restrict cattle movement across and within different areas of the pasture. 
Elliot's Creek pasture, within GB, was a very large area which allowed cattle to move 
freely within it. Conversely, Bluebell was smaller and movement was more restricted or 
confined. In both areas, the cattle were electing where to spend their grazing time. It was 
generally on tame pastures and within the 25 m buffer from tame pasture. This can best be 
seen in Appendix B Figure B.6, with the highest frequency of GPS collar points around the 
tame pasture zones. This has been validated by four consecutive grazing years of GPS collar 
data analysis. 
4.6 Conclusion 
4.6.1 Elliot's Creek 
Within GB's Elliot's Creek pasture, the cattle were selecting to spend the majority of 
their time within the easily accessible areas such as the tame pastures and the roads and trails. 
However, the cattle were choosing to graze up to the 150 m buffer zone at times. This may 
have been the result of forage availability within the buffer zones. GB was very diverse in its 
community types, the forage species and availability of the forage species also varied. When 
the cattle moved through an area, they grazed their preferred species first and then move on 
to their secondary choices (Hincz 2007). This would cause cattle in GB to have to move 
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through areas of less preference to get to primary forage species, thus resulting in cattle 
spending more time in areas further from the tame pastures. 
Elliot's Creek is a large open area that provided cattle a lot of choices for travel routes 
and grazing. However, the landscape within GB's Elliot's Creek appeared to be restrictive 
due to creek draws and the river banks. As well, under the canopy of coniferous forest, little 
forage opportunity existed resulting in little to no use by cattle. 
In 2004, there was a change in how far the cattle traveled east along the new road. 
This was an indicator that opening up new areas can create new forage opportunities for 
cattle and easier access to areas that may not have been utilized in the past. This result 
suggested that for mitigation efforts between timber users and range users, creation of access 
trails or roads in inaccessible areas for cattle could create new forage opportunities and offset 
AUM loss to due to aspen harvesting. 
Using Table 4.1 as a guide, it could be suggested that for the 2002, 2003, and 2004 
grazing years, the patterns were similar. However, within Elliot's Creek in 2005 the patterns 
changed. Inconsistent collar data made any conclusive statements difficult. There seemed to 
be a malfunction in the collars and very few collar points appeared (Figure B.4). 
4.6.2 Bluebell 
The smaller area of Bluebell tended to give a better understanding of the grazing 
patterns of cattle because they were forced to graze more evenly. Within this area, the cattle 
showed definite preference for the tame pasture and access areas of the pasture and the usage 
fanned away from those areas. The four cutblocks were utilized more uniformly as well. 
There were sections of the pasture that were not used each year and reasons for this could be 
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due to inaccessibility of the forage or grazing area due to steep ravines, dense bush, or 
swamp. 
4.6.3 Groundbirch (Cutblock) 
Within Elliot's Creek, the cutblocks did not appear to be selected for and were grazed 
either by chance or avoided. Most of the cutblocks were well-spaced throughout the pasture 
and were surrounded by easily accessible pasture and travel routes. 
The cutblocks within the Bluebell pasture were closer in proximity to the perimeter of 
the area and also to the tame pasture and access areas. Because the cattle were in a smaller 
area, they seemed to be forced by forage availability to graze these areas more. However, the 
cutblocks within Bluebell were grazed more than those within Elliot's Creek, but the cattle 
still grazed these areas by chance except for cutblock 4 that was selected for grazing in each 
of the seasons. Cutblock 4 within Bluebell was also a much larger cutblock than the others 
and would have expected to have had more time spent within the landscape. 
For GB, cattle behaviour regarding grazing within cutblocks can be analyzed more 
readily than in BM. Review literature states that cattle graze their preferred areas first and 
then move on to their secondary choices (Hincz 2007). The larger landbase, Elliot's Creek, 
offered more opportunity for cattle to graze easily accessible areas along roads, small open 
areas, and mature aspen stands. The cutblocks were spread out across the whole area. In the 
Bluebell, the area was quite small and opportunity for cattle to graze by forage choice was 
more limited due to tertiary areas. The access routes into the cutblocks offered an access to 
forage without too much effort for the cattle. 
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5.0 BEATTON-DOIG RESULTS 
5.1 Electivity Index 
Other than for 25 m in 2005, the cattle appeared to prefer to spend time within 75 m 
of the tame pasture (Table 5.1). There are weak indications of preferred grazing up to 125 m 
in 2004. 
Table 5.1 Electivity results for Beatton-Doig 2004 & 2005. Areas highlighted in green 
indicate preference. 
Buffer Area 
% Observed 
2004 
% Observed 
2005 
% Landscape 
(Expected) 
Electivity 
2004 
Electivity 
2005 
Tame 8.48 15.61 1.37 0.72 0.84 
25 m 44.28 22.65 27.06 0.24 -0.089 
50 m 64.66 62.44 46.35 D.17 0.15 
75 m 74.50 69.55 60.64 p.io 3.06S 
100 m 79.97 74.48 71.68 0.O55 3.015 
125 m 84.02 77.87 80.21 D.023 -0.015 
150 m 86.76 80.20 86.68 p.ooc -0.039 
175 m 88.63 81.07 91.52 -0.016 -0.061 
200 m 89.83 83.28 94.98 -0.028 -0.066 
5.2 X2 
In 2004, the cattle selectively grazed within 50 m of the tame pasture. In 2005, the 
cattle selectively grazed the tame and the 50 m buffer zone (Table 5.2). Grazing increased 
significantly on tame pasture areas between 2004 and 2005. Grazing decreased significantly 
between 2004 and 2005 for the 25 m buffer zone (Table 5.3). There was no difference for 
the other buffer zones between the two years. 
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Table 5.2 yj data for Beatton-Doig's grazing years versus the landscape. Areas of high 
preference or avoidance (a = 0.01) are highlighted in green. Those areas that are preferred or avoided 
Buffer Area (less 
Tame) 
% 
Observed 
2004 
% 
Observed 
2005 
% 
Landscape 
(Expected) 
j l b/n 2004 
& Landscape 
Z2 b/n 2005 & 
Landscape 
Tame Pasture 8.48 15.61 1.37 36.9C 147.95 
25 m 44.28 22.65 27.06 10.96 0.72 
50 m 64.66 62.44 46.35 7.23 5.59 
75 m 74.50 69.55 60.64 3.17 1.31 
100 m 79.97 74.48 71.68 0.96 0.11 
125 m 84.02 77.87 80.21 0.18 0.068 
150 m 86.76 80.20 86.68 0.000 0.49 
175 m 88.63 81.07 91.52 0.091 1.19 
200 m 89.83 83.28 94.98 0.28 1.44 
Table 5.3 x data for Beatton-Doig comparing grazing years. Areas of high preference or avoidance 
(a = 0.01) are highlighted in green. Those areas that are preferred or avoided (a = 0.05) are 
highlighted in yellow. 
Buffer Area (less Tame) % Observed 2004 
% Observed 
2005 y2 b/n 2004 & 2005 
Tame Pasture 8.48 15.61 5.99 
25 m 44.28 22.65 10.57 
50 m 64.66 62.44 0.076 
75 m 74.50 69.55 0.33 
100 m 79.97 74.48 0.38 
125 m 84.02 77.87 0.45 
150 m 86.76 80.20 0.50 
175 m 88.63 81.07 0.65 
200 m 89.83 83.28 0.48 
5.3 Preference or Avoidance 
In the BD community pasture, the cattle selected to graze within the tame pasture and 
access areas as the electivity indices were close to 1 for both grazing years. 
In 2004 the cattle selected to graze the tame pasture and the 25m buffer zone. 
Grazing increased on the tame and decreased on the 25 m buffer zone in 2005. Because oil 
and gas well sites were seeded to tame forages following construction, it can take time for the 
forages to establish and provide enough forage for cattle. This could have been the case here 
causing the cattle to spend more time in the 25 m buffer zone in 2004. When more forage 
grew in 2005, it appeared that grazing pressure decreased within the 25 m zone. Another 
83 
possible reason for the increase in tame pasture use in 2005 as compared to 2004 was that 
there was a drought in the PR in 2004 and then increased moisture in 2005. This would 
cause the tame forages to be more abundant in 2005. With more available tame grass, more 
time would have been spent consuming this preferential forage and cause the cattle to not 
have to spend as much time within the 25m buffer zone seeking forage or refuge from the 
hot, dry weather in 2004. 
5.4 Beatton-Doig Visual Assessments 
Appendix C and Figures C.l, C.2, and C.3 showed that the cattle seemed to graze the 
same areas each year. With exception of the northwest corner where the collar points, which, 
showed presence in 2005 and not in 2004, the points seem to have overlapped in the 
remainder of the areas. Speculations can be made as to why the cattle appeared in this area in 
2005. One reason for the presence would be that one of the users of the area opened up the 
access routes down into that area causing the cattle to travel down a new trail. The cattle 
seemed to stick more to the west side of the north-south roadway. The landscape was flatter 
and more open on this side, as observed in the initial layout phases and establishment of 
reconnaissance lines. The east side of this same north-south road could be quite dense at 
times with smaller conifer and 10-15 year old aspen stands making cattle movement difficult. 
Also, near the Doig River side of the study area (eastern side), the slopes begin to get much 
steeper (40-60% side slopes). This area had virtually no collar points around or on it. 
Cattle movements also appear to have followed the access routes, although there were 
many throughout the BD Community Pasture (Figure 2.14). Other than the east most side of 
the tenure, the cow collar points were symmetrical throughout the landscape. It appeared the 
landscape was generally well utilized by the cattle. 
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5.5 Beatton-Doig Discussion 
The composition of the community types within BD Community pasture was seeded 
well sites, seismic lines, and access roads, 10-15 year old aspen stands, all of which are 
interspersed by mature aspen stands. However, the northwest section of the land was 
composed of mostly mature 'park-like' aspen. There were some mature spruce and pine 
stands, black spruce areas, creek draws and ravines, and steep river banks across the 
landscape, but this was a small part of the grazing area. The boundaries were not all 
distinctively created with fence lines as natural barriers restricted cattle movement. 
The data suggested that it was clear that the cattle in both sections of the BD were 
selecting where to graze the area based on the available landscape. This has been validated 
by two consecutive grazing years of GPS collar data analysis. Appendix C at Figure C.3 
illustrates the density of the GPS points in and around the oil and gas lease zones. 
By visually assessing the data points, it was also clear that these access features both 
lead to or away from the leases and also connect to other areas that may have been suitable 
for livestock use. It appeared that tame grasses and access structures were influencing 
livestock distribution on the landscape. This result was similar to that found in GB. With 
increased activity, areas of the landscape were opened that perhaps were restricted to 
livestock previously. If areas were lost to cattle through aspen harvesting, then access routes 
may be created in alternate areas creating new grazing opportunities away from the newly 
harvested cutblocks. 
In terms of impact of resource development on cattle grazing and distribution 
patterns, the BD data showed that seeded lease sites (tame pasture), roads, trails, fence lines, 
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and, in general, access routes were most commonly utilized by cattle and the use away from 
these lines decreased the further the cattle got from the easily accessible areas. 
5.6 Beatton-Doig Conclusion 
Within the BD study area, the cattle selected to graze within the tame and easily 
accessible areas. Within the 25 meter buffer zones, the cattle grazed this area by chance, 
indicating that the cattle spent the appropriate amount of time within this zone as to what was 
expected, based on the size of this fraction of the landscape. These results indicated that the 
cattle were choosing to graze more easily accessible areas and avoiding the areas that 
required further travel or more input to reach the avoided areas. 
6.0 GAPS AND DIRECTIONS FOR FURTHER RESEARCH 
6.1 Impacts of Resource Developments on Cattle Movements 
In the Northeast region of BC, range has been intimately associated with broadleaf 
and mixedwood forests. Forest and range tenures have been overlaid where broadleaf 
species occur. The broadleaf species found in these forests include, as follows: aspen 
(Populus tremuloides), paper birch (Betula paperifera), and black cottonwood (Populus 
balsamifera). Increased demand for wood fiber and technological advances in wood fiber 
processing have created a highly profitable and expanding aspen harvesting and processing 
industry in the region (Peterson and Peterson 1992). Trembling aspen and balsam poplar 
have now been used in the production of Oriented Strand Board (OSB), pulp production, 
lumber, and value added products. Increased logging of the deciduous and mixedwood forest 
within the Peace region has resulted in the redistribution of the serai stages across the 
landscape and may cause both positive and negative impacts to future range availability. 
Mature aspen (late serai) stands have a much higher value as range than, the early 
regeneration (early serai) stands created by clearcut harvesting (Krzic et al. 2003). The most 
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productive native range for livestock in the PR, usually occurs under mature stands of aspen. 
Within these stands, natural thinning has opened the forest canopy sufficiently to allow light 
to reach the forest floor, allowing for significant growth of forbs, grasses, and shrubs, as 
livestock forage. Carrying capacities of up to 5.0 ac/AUM (2.0 ha/AUM) ((Campbell and 
Bawtree 1998) are possible in these open forests, but they are also the most important 
productive stands for forest harvesting. 
Mature aspen stands persist on the landscape for 30-70 years and are eventually 
replaced (in the absence of disturbance or forest harvesting activities) by conifers. This 
occurs as successional stages move from early serai to late serai stages of aspen through 
mixedwood serai stages to late conifer serai stages (Peterson and Peterson 1995). Aspen 
regeneration can be dramatic after periodic disturbances, such as fire or clearcutting, where 
sucker densities range from 45,000 to 200,000 stems/ha (Peterson and Peterson 1995). Stand 
density often declines to 20,000 to 25,000 stems/ha in five to six years as the stand self-thins 
(Campbell and Bawtree 1998). Although aspen can be free-growing within one year of 
suckering on some sites, earliest free-growing dates usually range from five to fifteen years 
depending on the site (Campbell and Bawtree 1998). Generally, trees will vary from 0.8 to 
1.4 m in height at free-growing, with target stocking densities averaging between 10, 000 to 
30,000 well spaced stems/ha by year 10 (McCulloch and Kabzems 2009). 
Despite increased levels of light reaching the forest floor and the possibility of greater 
forage production during the early regeneration phase (Mueggler and Bartos 1977), dense 
stands of root suckers restrict cattle access to forage and limit the proper distribution of 
animals over the grazing area (Krzic et al. 2003). Taking no remedial actions to reduce 
sucker density following a disturbance limits cattle access to forage for five to fifteen years 
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(Krzic et al. 2003). Although clearcutting offers potential for short-term increases in forage 
production, dense broadleaf re-growth can reduce livestock access and limit grazing 
distribution (Wheeler and Willoughby 1993). As well, logging roads and the presence or 
absence of slash can affect livestock access, altering grazing patterns and forage utilization. 
From a range-use perspective, the key component of deciduous harvesting and 
reforestation is through significant reductions in access as a result of aspen regeneration. 
Long-time ranchers, grazing on Crown range, assume that logging in mature 'park-like' 
aspen forests reduces the value of these forests as grazing lands for cattle. In this case, 
alternative solutions may be employed to increase the value of the grazing lands for cattle 
such as increased access to secondary range areas. 
Forest rangelands are very complex with many different types of communities and 
cover types being expressed (Rangeland Management Branch 2009). As a result, there is 
often a different selection of forages based on seasonality that manifest as forage palatability, 
moisture, quality, and availability vary throughout the year. This can result in changes in 
plant community preferences leading to changes in grazing behaviour that can be 
incorporated or used in a grazing management system (Rangeland Management Branch 
2009). 
Several factors have been identified as important influences on grazing distribution 
patterns. The most notable of these are slope and distance to water (Mueggler 1965, Cook 
1966, Martin and Ward 1970, Roath and Krueger 1982, Senft et al. 1983, Gillen et al. 1984, 
Pinchak et al. 1991), but grazing distribution can be influenced by multiple factors including: 
1) forage quantity or quality; 2) distance to mineral supplement; 3) proximity to fences; 4) 
pasture size; 5) abundance of weeds; and 6) weather (Ehrenreich and Bjugstad 1966, Clary 
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et al. 1978, Smith and Owensby 1978, Senft et al. 1983, Bailey et al. 1989, Hart et al. 1991, 
Owens et al. 1991, Hein and Miller 1992). Our data indicate some of the aforementioned are 
important regulators of grazing in the three community pastures. Specifically, forage 
quantity and quality, pasture size, roads and access trails, and weather. 
A given landscape unit (i.e. community pasture) is characterized by boundaries, 
distribution of plant communities, distribution of water and degree of accessibility, thermal 
and mineral foci. Once an animal (heifer, cow/calf, or bull) has been introduced to a 
landscape, for the first, second, or tenth time, it must come to understand the nature of its 
landscape by locating the boundaries, fences and natural barriers. Routes of access and 
escape, roads and trails, plant communities, and seasonality of the desirable species on tame 
pasture, within the bush, and/or on disturbed areas, clearings, cutblocks, and seismic lines 
also need to be identified by a returning animal (Heitschmidt and Stuth 1991). 
Senft et al. (1987) established that forage quantity and quality was closely related to the 
ratio of amount of time spent grazing in a community relative to the area it occupied within 
the landscape. Preference for plant communities is usually measured by either determining 
the ratio of percent grazing time to percent of land area or percent of grazing capacity of a 
given management unit or landscape of the animal (Stuth 1991). For example, percent time 
spent in one area; percent of available land or percent AUM; percent of available land. 
Implicit in this measurement is that as animals increase time at a site, the greater the quantity 
of nutrients harvested from the site and the more valuable the site is for grazing. This 
assumption implies that communities which afford an animal species high harvest rates per 
unit of grazing time are preferred by that animal. Put another way, plant community 
profitability can be viewed as primary, secondary, or tertiary range use areas. 
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As shown in the data, cattle grazing and distribution patterns were influenced by the 
spatial characteristics of the landscape. In the BM pasture area, the cattle grazed each area, 
with a few exceptions, the same way each year. In comparing each of the four grazing years, 
there were only three times that the grazing differences occurred from the previous year's 
grazing trends. This was found in 2003, 2004, and 2005 in the Pie. The Deep Creek grazing 
area was grazed the same each year. 
In GB pasture, there were more differences in grazing patterns within Elliot's Creek 
when comparing each of the other study years to the 2005 data. The remainder of the grazing 
seasons shared no differences. Within the Bluebell pasture, the cattle grazed the same each 
year except for the tame pasture area in 2003 compared to 2004 and 2005. 
In comparing the two grazing years at BD, the cattle grazed differently within the 
tame and 25 m buffer zones and grazed the bush areas the same each year. This could be 
related to the forage establishment on reclaimed oil and gas well sites. When a site is 
established the landscape is disturbed and most, if not all, of the forages are eliminated. 
Following construction and reclamation, oil and gas companies are obliged to rejuvenate the 
landscape. Native plants encroach on sites quite slowly and therefore a lot of tame forage 
seed mixes are utilized. Establishment of a seeded grass can take up to 2 years to be highly 
productive. If this were the case, the data would show results as it did for Beatton-Doig with 
the cattle spending less time on the lease sites in 2004 and therefore increased time on the 25 
m buffer zone foraging as compared to 2005 which showed the opposite results. 
While these three community pastures still require herd management practices, the 
strategic placement of drift fences, salt, and water availability, generally reduced the need for 
forced cattle movement. Despite some of the differences highlighted above, it is important, 
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from a grazing management perspective, to develop an appreciation of such things as pasture 
design, season of grazing, range readiness, grazing frequency and utilization, and livestock 
distribution and movement controls (Stuth 1991). 
Primary Native Range is an area which cattle use willingly, especially adjacent to 
tame pasture or access trails. Contributing factors are terrain, forest cover, and historical 
grazing patterns. Primary range tends to be overused before cattle will move to secondary 
range (TRIMC 2004 guidelines). 
Secondary Native Range is an area which may have similar plant communities to 
primary native range but access may be restricted by natural barriers, topography, or location. 
Range that is classed as secondary native range may become primary native range if 
conditions change. Primary native range may also become secondary native range if 
landscape conditions change (TRIMC 2004 guidelines). 
Tertiary Range (non-use range) are range areas such as deep forest, steep slopes, or 
wetlands that is virtually unused by livestock even when primary or secondary range are over 
utilized (TRIMC 2004 guidelines). 
Within primary range areas there is generally a higher density of higher quality food 
species which creates a higher residency time or low grazing velocity for cattle. Therefore a 
greater forage intake level will be attained relative to other communities as cattle will graze 
readily accessible areas first and forage may be underutilized on less accessible range 
(Skovlin 1970). 
If these less accessible communities lie between important water, thermal foci and 
have good accessibility, site preference is even enhanced. Conversely, low forage intake 
levels will result in high grazing velocity and so short resident time in the community/patch. 
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These types of areas may generally occur within secondary or tertiary range areas. With the 
PR, community pastures afford grazing opportunity with primary forage. However, there are 
combinations of primary, secondary, and tertiary range areas in all community pastures. 
GB community pasture is an example of a grazing pasture with patchiness within 
plant communities. This has the greatest effect on distance between feeding stations. In 
conjunction with, seasonal variability, weather conditions, and pasture design the degree of 
patchiness within the plant community will be influenced. As a result, observed distances 
traveled between feeding stations can be up to 10 fold greater in distinct patchy communities 
as compared to communities with dense, continuous swards, 20-25 steps versus 2-3 steps 
between feeding stations, respectively (Stuth 1991). 
With the idea of forage accessibility in mind, the results from GB are quite amazing 
in terms of range resource use and development. Throughout the study areas, resource 
development increased throughout the GB pasture. A road was upgraded for vehicle access, 
numerous spur-roads and well sites were established, and seismic activity created many new 
trails. The changes in the cattle movement patterns indicated that when new access routes 
are created, cattle will then utilize the routes for access to preferred forage. Thus, if one 
resource gets depleted, i.e. a mature aspen stand, new grazing opportunities may be created in 
less accessible areas to off-set the "lost" AUM's. 
Recommendations have been made to off-set the AUM loss following aspen 
harvesting: 
• Seed road right-of-ways to tame grasses; 
• Partial cut mid serai aspen at age 10 or when stand diameter breast height is 
about 5 cm (McCulloch and Kabzems 2009); 
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• Spacing aspen to 5000 stems per hectare at age 5 to accelerate stand 
development (McCulloch and Kabzems 2009); 
• Seed seismic lines and well sites to tame grasses; 
• Add additional fence lines to allow for increased rotational grazing within the 
range tenure; 
However, should these suggestions be utilized, it is also recommended that natural 
range barriers, such as dense coniferous forests, not be removed to allow cattle to roam from 
their range tenure boundary. 
6.2 Identification of Project Contributions to Knowledge Gaps 
Cow collar data analysis and mapping of grazing patterns showed that the 
proportions of habitat features, percentage of habitat availability (serai stage distribution), 
and the percentage of habitat use within the landscape influenced the spatial distribution of 
the cattle observed in each of the study areas. This information was essential in order to 
demonstrate that cattle were selecting where to feed based on physical location or whether 
they were feeding as they did because that particular habitat (serai stage) was the most 
readily available. It also provided consistent data of grazing distribution within various serai 
stage distributions throughout the life of the project. As stated in the Forest Practices Code 
and Range Act of British Columbia, it is necessary to keep the serai stage distribution within 
a range of natural variation across a TSA (landscape level objective) to ensure that both 
logging and range activities are sustainable. 
6.3 Operational Recommendations 
As a project contribution to knowledge gaps, the following topics offer the most 
commonly heard technical solutions to timber and range resource use conflicts. Specifically, 
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the suggestions generated from a comprehensive literature review, data collection and 
analysis, personal communications, and participation as technical support to the TRIMC are 
as follows: 
• Cattle appear to seek out easily accessible areas with good or high quality forage 
such as tame pasture areas, established trails, seismic lines, well sites, and in some 
instances open cutblock areas. Hincz (2007) found that cattle preferred to graze 
within tame pastures, regenerating aspen forests, mature aspen forests, white 
spruce/aspen mixedwood forests, willow-sedge meadows, and black spruce lowland 
areas, in that order. If the community types of higher preference were available, 
then those resources were utilized prior to moving to their next community of 
choice. If this is the case, then cattle attractants, i.e. salt, should be placed in areas 
of lower use to stimulate cattle to utilize these secondary grazing opportunities. 
• Visual assessments of the cattle movement indicate that there are yearly differences 
in where the cattle spend their time, but our findings suggest that those differences 
are minor and are related to distance from the tame pasture and easily accessible 
areas, even if the patterns are different on the maps with the cow collar points. If 
range managers were to rotate the location of attractants, or herd the cattle manually 
throughout the grazing season, this would help the cattle to utilize the area more 
uniformly. 
• Over use of primary range areas should be actively avoided. Managers can observe 
stubble height and usage and move the cattle if undesirable effects from continued 
livestock grazing are anticipated. Three guides for determining when to move cattle 
are: (1) when stubble height approaches 3 inches; (2) when stubble height changes 
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from 3 inches to 3/4 of an inch; and, (3) when the most palatable vegetation starts 
drying regardless of stubble height (Hall and Bryant 1995). 
• Cattle need to utilize the area equally over the grazing period and there are many 
different techniques that a tenure holder can use. Fencing provides a secure method 
of containment if fences are maintained. They also allow for movement between 
pastures if necessary or available. Access trails throughout the tenure allow easy 
movement of cattle between desirable grazing areas, watering holes, and salting 
locations. Barrier placement to prevent trailing, trampling, and congregating in 
undesired areas such as riparian areas for example, can also be used. A distribution 
tool is to move the salt block to less accessible areas to force cattle to use areas that 
they would not likely use. Salt can also be used to move cattle throughout the tenure 
during the summer. Riding or herding the stock can also aid this situation. Water 
developments strategically placed away from natural water sources also lure cattle 
into different areas. Temporary electric fences can also be used to move cattle 
throughout the pasture or to fence off areas such as newly seeded cultivated lands, 
cutblocks, or riparian areas. 
• Manipulation of native upland vegetation to make it more palatable and appealing to 
livestock (Fraser 2007) helps to create more available forage for livestock so that the 
native plants located within the forested areas would not be as impacted. 
• Rotating cattle throughout the grazing area allows adequate time for plants to recover 
from grazing events, and to complete specified phenological stages of development. 
It also allows for soils to dry in wet areas, thus decreasing risk of foot damage to the 
cattle, allows bare soils to re-vegetate, and banks to re-stabilize. 
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• There are also applied disturbances, subject to regulations and referrals, which a 
range tenure holder may apply to the land. Prescribed fire, mowing, herbicide 
spraying, seeding of herbaceous species, planting trees and shrubs, canopy 
modification through clearing, selective harvesting, thinning, and pruning, and 
scarification/aeration of soils are the most common practices utilized on both Crown 
and private land. Although, it is very difficult to get the permits to complete some 
of these disturbances, they are tools available to ranchers to improve their grazing 
situations. 
In addition to the technical findings, the social aspects of the project should have 
applicability wherever resource use conflicts occur. These results provided valuable baseline 
data and documentation on a poorly understood existing and persisting problem in timber and 
range management in northern BC. Sharing of information and extension materials was a 
key social component of the project. 
As a project contribution to knowledge gaps, the following themes offer the most 
commonly heard social solutions to timber and range resource use conflicts. Specifically, the 
suggestions generated from a comprehensive literature review, data collection and analysis, 
personal communications, and participation as technical support to the TRIMC are as 
follows: 
• Industries should agree to mitigation solutions, prior to development activities on 
overlapping tenures, in writing. Both interest groups should maintain the collective 
goal of maintaining pre-harvest stocking rates and pre-grazing timber production 
through the different phases of resource development. 
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Prior to integrated activities, inventories of the range and timber resources including 
pre-existing developments and/or improvements should be compiled, so that a 
document may be established to establish maintenance of range and timber resources. 
This would include planning on what will replace the lost range areas both spatially 
and temporally. 
An evaluation and proper documentation of pre-existing management practices (eg. 
Range Use Plan) and site conditions should be conducted prior to integrated 
operations including the following: status of existing cutblocks, range health and 
management practices, pre-harvest assessments, and the species, location and extent 
of any noxious/invasive plants. 
Livestock range use preferences, grazing history and proposed cutblock access and 
locations should be noted to create a risk assessment detailing possible negative 
impacts that may occur to either industry. Mitigative solutions should be outlined 
proactively, should negative impacts be determined. An example of a negative 
impact would be the loss of a natural range barrier. 
Constant communication should be maintained between stakeholders prior to and 
during operations to eradicate emerging issues. 
The forage and timber resource should be monitored on a regular basis following 
operations to ensure maintenance of regeneration success as well as stocking levels. 
Should impacts be observed, the stakeholders should refer to the written agreement, 
as to the pre-determined solutions. 
97 
From a resource management perspective, these results provide further insight into 
how cattle and range utilization issues can be assessed from a social and technical 
perspective. It will improve the understanding of structural and functional relationships in 
the key stand types at landscape and stand levels. The findings will not only be applicable to 
this region of BC, but will also be transferable to other regions where grazing and aspen 
(broadleaf) harvesting overlaps. These structures will enable us to identify and predict cattle 
usage of key habitat features during periods of resource development on the landbase and to 
maintain the viability of the different industries and minimize conflicts amongst multiple 
users. 
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Figure A.4 Bear Mountain 2005 GPS collar points. 
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Figure A.5 Bear Mountain 2002, 2003, 2004, & 2005 GPS collar points. 
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Figure A.6 Bear Mountain Cutblock 2002, 2003, 2004, & 2005 GPS collar points. 
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Figure B»1 Groundbirch 2002 GPS collar points. 
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Fngmr© !o2 Groundbirch 2003 GPS collar points. 
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Figure Bo3 Groundbirch 2004 GPS collar points. 
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Fngmire Groundbirch Cutblock 2002, 2003, 2004, & 2005 GPS collar points. 
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Figure C.2 Beatton-Doig 2005 collar points. 
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